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ABSTRACT
The purpose of this study is to establish the influence 
that clothing and ambient temperature have on comfort and 
how this is affected by the skin fold thickness, nationality, 
acclimatisation and sex of the subject.
Surveys carried out in both England (50 English students 
and 50 from tropical countries) and Japan (50 Japanese 
students) were used to investigate these factors.
As a result of these surveys it was found that the preferred 
ambient temperature was lower with increasing clo values 
(a measure of the insulating effect of clothing) and higher 
with a decrease in skin fold thickness. No differences in 
the preferred ambient temperature and the clothing worn 
were found between females and males, and between overseas 
males of recent arrival and those of longer residence in 
England. Differences, however, were found between English 
students and Japanese students. High multiple correlation 
coefficients demonstrated a number of factors which influenced 
the individual differences in clothing and preferred ambient 
temperature.
Finally, on the basis of the weight value derived from the 
quantification theory, preferred ambient temperatures 
corresponding to 0.50, 0.75, and 1.00 clo were estimated 
respectively as 22.4, 20.1 and 18.3°C for English students 
and as 23.3, 21.0 and 19.2°C for the Japanese, in which 
the skin fold thickness was fixed in 12.65mm, the mean
for all the subjects. 
England were identical 
by English males after 
fold thickness.
Values for overseas students in 
to the temperatures preferred 
results were adjusted for skin
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CHAPTER 1
INTRODUCTION
The increasing interest in energy conservation in the 
domestic sector has stimulated several lines of research 
with this objective in mind. One such line has been into 
the levels of clothing necessary to achieve thermal 
comfort for given sets of environmental conditions. This 
present study is a continuation of this work.
Thirty years ago in England the average home was less well 
heated than today; however, people were able to tolerate 
these conditions as they tended to wear heavier clothes 
for insulation than is commonly found today (Irving 1979) „ 
A similar phenomenon has also been recorded in JapanQ The 
winter clothing worn by Japanese female students in 1969 
was 600 grms m“-^ -i.e.only 40 per cent, of that in 1956 
(Okukubo 1975).
The ranges of combinations of values of the physical 
parameters, air temperature, mean radiant temperature, 
air velocity and relative humidity, which provide for a 
thermally comfortable environment for different clothing 
and activity levels have been determined by Fanger (1967) 
using his heat balance equation. The results of this 
work suggest that very little difference exists between 
the conditions different individuals call 'thermally 
comfortable'. However, other work shows the reaction of 
office workers to equivalent thermal environments varies.
For example, an extensive survey (Rohles and Nevins 1971) 
involving 1,600 college students, indicated a very wide 
range of temperatures sedentary subjects voted 'comfortable' 
(16.6°C to 36.6°C) following a 3 hour exposure to equivalent 
conditions. A more recent report (Fishman and Pimbert 
1978a) confirms this variation because at an air temperature 
of 22°C 60% of their sample were comfortable, 34% slightly 
warm or slightly cool and the remaining 6% dissatisfied 
and likely to complain.
Marked differences in levels of clothing to achieve thermal 
comfort in comparable conditions have also been reported 
(Okukubo 1971a). She found the maximum weight for the 
clothing worn by Japanese female students was three and a 
half times the minimum weight at the same winter temperatures
This present study was undertaken in an attempt to determine 
if there is any relationship between ambient temperature 
(indoors) and clothing levels, given that acclimatisation, 
somatotype and nationality may be responsible for some of 
the previous variations which have been reported. The 
results of the investigation were analysed using Hayashi's 
theory of quantification (Hayashi 1952 and 1961) .
CHAPTER 2
LITERATURE REVIEW
There are a few studies which have attempted to determine 
the optimum ambient temperature for comfort given certain 
clothing levels. According to the comfort equation 
(Fanger 1967 and 1970) and theoretical studies by Nevins 
et al. 1966 and Humphreys 1976 an optimum temperature for 
a sedentary person (clo value of 1.0) is 23°C. However, 
in contrast to this prediction, the temperature of 23°C 
is 2°C higher than the comfortable temperature reported 
by Winslow and Herrington (1949a), and there exist 
considerable differences between this figure and values 
observed by McIntyre and Griffiths (1975) and by Ogawa 
et al. (1975).
One of the reasons for the difference between predicted 
and observed values is that there are other human variables 
which are not represented in this equation producing some 
effect. It is a rather wide-spread and popular opinion 
that obese people prefer a cooler environment than people 
of slighter build, however, no published literature Is found 
to support this. In fact, to the contrary, the data of 
Fanger (1970) and Wyon et al. (1968) indicate no significant 
influence of body build on comfort conditions for sedentary 
subjects at all. It should, however, be noticed that only 
the effect of skinfold thickness on the preferred ambient 
temperatures was examined in these studies. In contrast 
to these findings Okukubo (1971a) found a negative 
significant relationship between the skin fold thickness
and the clothing worn. This was supported by the facts 
(Okukubo 1971b) that both the comfortable temperature 
inside clothing and skin temperature were lower in females 
with thick skin folds and the latter felt cold at 
temperatures at which the former felt comfortable. The 
evidence seems to suggest the possibility that skin fold 
thickness would have some influence on thermal comfort, 
however, it has not yet been proved.
Concerning different nationalities, Winslow and Herrington 
state in their book (1949b) that the lower range of 
indoor temperatures (16.5°C to 20°C) preferred in England 
compared with America is related to clothing habits and 
acclimatisation of the English. However, temperatures 
which are lower still are accepted by the Japanese and 
Russians without complaint (Renbourn 1972). Fanger (1970), 
on the other hand, has reported that there was no difference 
in comfort conditions between Danes and Americans based 
on the experiments conducted in the climatic chamber 
where all subjects alike wore a standard uniform with a 
clo value of 0.6 clo.
As stated by several workers (Yaglou and Drinker 1928, 
and Fanger 1970) the differences in preferred j
temperature found among different nationalities probably 
reflect differences in clothing habits and not adaptation 
arising from differences in outdoor climate and way of 
life. Although the difference in clothing habits of 
different nationalities has become less marked in recent years 
Japanese people still seem to wear more winter clothing
than the English. This may be due to the fact that 
the average home in Japan is not so well heated as in 
England but there is no quantitative information on 
this subject.
In recent years there have been a few studies on the 
effect of various factors which help decide the preferred 
ambient temperature. Hickish (1955), Nevins et al. (1966), 
Wyon et al. (1968), Fanger (1970, 1972 and 1973), Ogawa 
et al. (1975), Fishman and Pimbert (1978a) and Yoshida 
(1978) have dealt with the effect of sex, nationality, 
degree of acclimatisation and skin fold thickness on 
preferred ambient temperature; however in all of these 
works only one variable was considered. A change in one 
factor which affects thermal comfort can often be 
compensated for by changes in another to achieve a 
balanced situation. This means that it is necessary to 
consider many different factors if the state of thermal 
comfort is to be defined.
This paper therefore investigates by means of the 
Ilayashi's theory of quantification (Hayashi 1952 and 
1961), the following :
(1) Differences resulting from the sex, nationality and 
degree of acclimatisation in the preferred ambient 
temperature and the thermal insulating value for 
the clothing worn to achieve thermal comfort;
(2) The factors affecting the preferred ambient 
temperatures; and
(3) The factors affecting the thermal insulating 
values for the clothing ensemble worn.
It was expected that such an investigation would throw 
light on some of the hypotheses concerning the human 
variables on thermal comfort.
Since the aim was to determine thermal comfort conditions 
which people choose for themselves in their daily life, 
the field survey of transverse type was conducted in 
this study. In 1979 a survey was carried out in England, 
Guildford, involving 100 English and overseas students, 
and in 1980 a similar survey was made in Japan, Kyoto, 
using 50 Japanese students.
Factors Affecting Thermal Comfort
Thermal comfort has been defined by ASHRAE (American 
Society of Heating and Ventilating Engineering) (1966) 
as ’’that condition of mind which express satisfaction 
with the thermal environment". An important feature of 
this definition is the use of "the condition of mind" 
as opposed to "the condition of the body". For a person 
to be satisfied with the thermal environment, the physical 
parameters affecting a person’s thermal balance must be 
such that the heat produced within the body is equal to the 
heat lost to the environment and that the person is in a 
zone of thermal neutrality. The thermal neutrality, of 
course, is a necessary but not a sufficient condition for 
comfort.
The most important variables which influence the condition 
of thermal comfort are as follows:
Physical Thermal Parameters
(1) air temperature
(2) temperature of surrounding surfaces (mean radiant 
temperature)
(3) air velocity 1
!
(4) relative humidity |
Human Variables
(1) thermal insulating value for the clothing worn :
(2) activity level
In addition, sex, age, skin fold thickness, health state 
nationality or racial type, state of physiological or 
psychological acclimatisation and food would have some
influence on thermal comfort. A change in one factor
can often be compensated for by changes in another to achieve
a balanced situation.
Before proceeding to a discussion of the factors affecting 
thermal comfort it is necessary to consider the problem of 
heat exchange.
Heat Exchange between the Body and its Environment 
Human beings, like other warm-blooded animals, must maintain 
a constant internal body temperature to function efficiently 
This constancy of the internal environment depends on the 
maintenance of a balance between heat production within 
the body, and heat loss.
The uniform temperature of approximately 37°C is represented 
in simplified terms as the body temperature, but strictly 
speaking, it is merely the temperature of deep central 
areas including the heart, lungs, abdominal organs and 
brain; it is not necessarily the temperature of the body 
as a whole, nor even its average temperature. The body 
can tolerate reasonably wide divergences from 37°C at 
least for a short time but at rectal temperatures below 
about 30°C shivering reactions may fail altogether, 
particularly if other stimuli are absent and the individual 
becomes sleepy. At temperatures below 27°C the individual 
is also depressed and the condition is very dangerous, while 
the upper limit of temperature for survival is probably 
one of about 42°C for the brain temperature (Bazett 1968) .
Man converts his food into the energy with an efficiency 
of approximately twenty five per cent. This means that for
every watt (or calorie) of useful energy derived from 
the food, approximately three watts (or calories) have to 
be dissipated as heat to the surrounding atmosphere 
(Irving and Parry 1980). The heat produced within the 
body is conducted by the blood stream through the tissues 
to the skin surface where the temperature is usually 
lower. At the surface heat is lost by the physical 
processes of evaporation of sweat, radiation,■conduction 
and convection.
Gagge (1936) has expressed the heat exchange between. the
body and its environment by the equation
M + S - E + R + C = 0
where
M rate of metabolic heat production within the body
S storage rate within the body
E rate of heat loss by evaporation
R rate of gain or loss of heat by radiation
C rate of gain or loss of heat by convection
E is always negative because evaporation of both insensible 
and sensible perspirations at the skin surface always 
result in heat loss. R is positive when surrounding 
surfaces are at a higher temperature than the body 
surface and negative when these surfaces are at a lower 
temperature than the body surface. C is positive when 
air temperature exceeds that of the body surface and 
negative when it is lower than that of the skin. S with 
a positive sign indicates a lowering of body temperature 
and a loss of stored heat, and with a negative sign 
raising of body temperature.
The integrated effects of the physical thermal parameters 
govern the total rate of heat exchange, and this affects 
the thermal sensations which determine whether an 
individual feels comfortable.
Physical Thermal Parameters
Air Temperature and Mean Radiant Temperature 
The temperature of surrounding surfaces, in any environment, 
is the governing factor for the amount of heat lost from 
the body by radiation, whilst the temperature of the air 
influences the heat loss by convection. The mean radiant 
temperature and the air temperature are of roughly equal 
significance in the determination of subjective thermal 
comfort when air velocities are low (Mackey 1944) . This 
means that an increase of l ° c  in air temperature can be 
compensated for by a 1°C decrease in mean radiant temperature, 
although in practice it is recommended that the air 
temperature should be no more than 5°C different from the 
mean radiant temperature (Fishman and Pimbert 1978b).
Air Velocity
The heat transfer between the body and the surrounding 
air is influenced by the speed of the air passing over it.
If the ambient temperature is lower than the surface 
temperature of the body then cooling occurs and the 
convective heat loss will vary as the square root of the 
air velocity. Increasing the air velocity from 0.1 up to 
0.3 metre per second requires an increase of 1.5°C in 
the ambient temperature to maintain comfortable conditions.
j
The optimal air velocity is considered to be less than
approximately 0.5 metre per second, provided the other 
physical parameters have values within the range 
acceptable for thermal comfort (Pharmaceutical Society 
of Japan 1973, Okukubo 1976a and Fishman and Pimbert 1978b)
Relative Humidity
The amount of moisture in the atmosphere affects the heat 
loss by evaporation. Rowley et al. (1947) indicate that 
at air temperatures between 21°C and 25.5°C relative 
humidity has very little effect upon sensations of comfort. 
These findings are supported by Miura (1968) . However, 
McIntyre (1978) reported that at a comfortable temperature 
of 23°C both low and high humidities were rated as worse 
than the middle levels of 40 to 50 per cent, on such 
scales as oppressiveness and stuffiness. The optimal 
relative humidities are considered approximately 40 to 
60 per cent, when the other physical parameters are 
maintained within the range acceptable for thermal comfort 
(Pharmaceutical Society of Japan 1973 and Okukubo 1976a).
Human Variables
Thermal Insulating Value for Clothing Ensemble 
The balance between heat production within the body and 
heat loss must be maintained within the limits of 
tolerance for heating or cooling the body. This concept 
of balance between the body and its environment is modified 
by the intervention of clothing as well as a modification 
of the body itself.
The clothing worn by a person consists of individual layers
of textiles with layers of air between them so that 
transfer of dry heat between the skin and the outer 
surface of the clothed body is quite complicated. To
simplify calculations, Gagge, Burton and Bazett (1941)
proposed the clo unit as a dimensionless expression for 
the total thermal resistance from the skin to the outer surface 
of the clothed body. Defined, one clo is the amount of 
insulation necessary to maintain comfort and a mean skin 
temperature of 92°F (33.3°C) in a room at 70°F (21.2°C) 
with air movement not over 10 feet (3.0 metres) per minute.; 
humidity not over 50 per cent, with a metabolism of 50 
calories per square metre per hour. On the assumption 
that 76 per cent, of the heat is lost through the clothing 
a clo may be defined in physical terms as the amount of 
insulation that will allow the passage of 1 calorie per 
square metre per hour with a temperature gradient of 0.18OC 
between the two surfaces (Forbes 1968).
1 clo = 0.18°C m2hr/Kcal = 0.155°C m2/W
The clo unit has been generally accepted and today is 
used in most parts of the world. In England, however, 
the term "tog" is also used, introduced by Peirce and Rees
(1946). It is defined by
1 tog = 0.116°C m2hr/Kcal = 0.100°C m2/W = 0.645 clo.
In view of its world-wide acceptance, thermal insulating 
values of clothing will be expressed in clo values in this 
study.
As the thermal insulating value of clothing increases, 
lower ambient temperatures are required to achieve
thermal comfort if the other variables, activity level 
etc. are kept the same. The relationship between these 
factors is explained in a later section.
Activity Level
The amount of heat loss that must be dissipated by a
person to the surroundings depends mainly on the
individual’s activity. For example, when all other
variables are kept constant, the higher an individual’s
activity level the greater the amount of heat generated
and the lower the required ambient temperature for thermal
comfort. The energy expenditure for sleeping and resting
is in the region of 40 W/m of body surface area. Extra
energy is expended by a seated person, when compared with
a sleeping or resting person, because of the tension of
the skeletal muscles necessary to control the posture.
As a typical value of the various sedentary occupations
2
at home, 55 W/m is taken, although there are the quite 
wide individual variations (Passmore and Durnin 1967).
2
For the person at a sedentary task (55 W/m ) the optimum 
(or neutral) temperature, assuming the thermal insulating 
value for the clothing to be one clo, with air velocity
of 0.1 metre per second is approximately 23°C. A metabolic
? 2 rate ranging from 55 W/mz up to 110 W/m would require
approximately 8°C drop in temperature to 15°C for thermal
comfort to be maintained (Humphreys 1976) . A similar
picture is observed in the values derived from Fanger’s
equation (1967 and 1970). ;
Sex
It is well known that the basal metabolic rate of men is 
greater than that of women, but as women normally have a 
thicker layer of subcutaneous fat than men this may 
compensate for the difference in heat production between 
the sexes. Osada et al. (1972) found that men's 
response to cold was determined by their metabolic rate 
while for women the insulative effect of subcutaneous fat 
was more important. Overall, women were found to be more 
tolerant to cold than men.
In the extensive laboratory studies on thermal comfort by 
Nevins et al. (1966) and Fanger (1970) the influence of 
the sex variable was investigated. In the former study 
720 college-age Americans (360 of each sex) and in the 
latter 128 college-age Danes (64 of each sex) and 128 
elderly Danish people of an average age of 68 years (64 of 
each sex) acted as subjects. All subjects, males and 
females alike, were clothed in cotton twill shirts and 
trousers, which has become known as the standard KSU 
(Kansas State University)Uniform. The thermal insulating 
value of the uniform is 0.6 clo.
In Nevins' study a significant difference between the 
preferred temperature of American females and males of 
0.8°C was observed; females preferred the higher 
temperature. However, in Fanger's study no significant 
differences in the preferred temperature were noted in 
either the students or elderly groups, and in fact a 
trend suggesting the opposite was observed, i.e. that 
Danish males of both age groups preferred a higher
15.
temperature than the females. Pooled results of the two 
studies showed no significant difference between sexes in 
the preferred ambient temperatures (Fanger 1973). Ogawa 
et al. (1975) confirmed these findings when they observed 
there was no difference in the optimum temperature of 
either nude or clothed male and female subjects in a 
climatic chamber.
In a field survey by Hickish (1955) no appreciable difference 
in the optimum temperature was found between male and 
female workers engaged in light industry in Southern England.
Fishman and Pimbert (1978a) investigated the office workers' 
reaction to their thermal environment in which the 
subjective responses of twenty-six subjects (nineteen males 
and seven females) to thermal environment were monitored 
every working day for one year. It appeared that the 
female workers preferred a slightly lower temperature than 
the male (21.7°C to 22.0°C) but the data was not subjected 
to statistical analysis.
Miura (1968) reported that the neutral temperature (neither 
cool nor warm) and the temperature providing the most 
comfortable sensations in female and male business machine 
operators and bank clerks was higher for the females.
Yoshida (1978) also observed in his winter and summer 
field survey of male and female workers that females 
preferred a higher temperature (0.5°C) than the males in 
both winter and summer.
The reason for the sex difference in the preferred ambient 
temperatures reported in field studies is thought to be 
related to the difference of the thermal insulating value 
for the clothing worn by the different sexes; however, the 
■situation has not yet been clarified.
Clothing Habits
Fishman and Pimbert (1978a) estimated the clo values for 
the clothing worn by participants in their field survey, 
and it was found that at low temperatures the clothing of 
both sexes had similar insulating value. Women, however, 
showed a greater flexibility in their choice of clothing
during the summer months of the study and were thus able
to compensate for the higher summer external temperatures 
more easily than the men.
The weights of clothing worn by 3,482 Japanese people who 
were chosen at random from the whole country were examined 
by the Japanese Society for the Science of Clothing every 
season during the period from October 1970 to July 1971. It
is well known that clothing weight is positively correlated
with the thermal insulating value; approximately linear 
relations exist between them (Mihira and Taya 1978). According 
to the survey the weight of clothing for men in each age 
group was greater throughout the four seasons than that for 
women. These differences were, however, only observed between 
the sexes among the adults; little difference among [children 
younger than nine and among the old people over sixty were 
observed (Hanada 1976).
Skin Fold Thickness
Man’s tolerance of cold is closely related to his skin fold
thickness (Nagamine et al. 1958). It is a rather wide­
spread and popular opinion that obese people prefer a 
lower environmental temperature than people of slighter 
build; but no published literature is found to support 
this.
Fanger (1970) investigated effects of the build on 
respondents' thermal voting by dividing them into fat and 
thin groups; subjects were allocated their group according 
to their ponderal index value (defined as the third root 
of the weight divided by the height). Very small 
differences were observed between the groups in the 
neutral temperatures. Among the college-age subjects the 
fat group preferred a temperature approximately 0.2°C 
lower than the thin group, while the reverse was the case 
for the elderly group, but none of the differences was 
statistically significant, using Student's t-test.
Wyon et al. (1968) came to the same conclusion as Fanger.
In their study the build of each subject was roughlyiassessed 
as being in one of five'categories which were from 1,: fat 
to 5 : thin.
Okukubo (1971a), using Hayashi's theory of quantification, 
investigated the factors contributing to the weight of 
clothing worn by one hundred and three Japanese female 
students to achieve thermal comfort. Her results showed 
that skin fold thickness, clothing habits and cold \ 
tolerance all affected the weight of clothing worn by them; 
however, skin fold thickness indicated the biggest correlation 
coefficient (value) among them. Okukubo (1971b),
investigating further why females with a thicker skin 
fold wore less clothing,the skin temperature and comfortable 
temperature of the trunk inside clothing on fifty female 
students were measured. (The 'comfortable temperature'
= the mean of the temperature measured between the skin 
and the innermost layer of clothing of subjects at the 
chest and the back in thermally comfortable conditions.)
The comfortable temperature of the trunk inside clothing 
was lower in females with a thicker skin fold than in 
those with a thinner skin fold, and the latter felt cold 
at a temperature where the former felt comfortable.
Nationality
Renbourn (1972) states in his book that the Englishman 
considers himself comfortable indoors with an air temperature 
about 16.5 to 20°C but Japanese and Russians accept lower 
levels without complaint. On the other hand, on the American 
continent, most people have become adapted to living at an 
air temperature, both indoors and in vehicles, of 24pC and
j
above at the very low relative humidity of 25 percent or 
below. I
Miura (1967) points out that there are differences of 
preferred ambient temperature between American and Japanese 
based on the difference of their rating levels to a given 
discomfort index. According to the investigations of 
Fanger (1970), however, no significant difference in comfort 
conditions has been observed between Danish and American
students, where the subjects wearing a uniform with a 
clo value of 0.6 were exposed in the climatic chamber.
Yaglou and Drinker (1928) and Fanger (1970) all consider 
differences in preferred temperatures found among different 
nationalities probably reflect differences in clothing 
habits and not adaptations arising from differences in 
outdoor climate and way of life. Although the difference 
in clothing habits has tended to lessen in recent years, 
with a strong trend in Europe towards lighter weight 
clothing, some difference does still exist due to differences 
in space heating systems. For example, a petroleum or 
gas stove is commonly used in Japan while a central heating 
system is now common in England. Because of this the 
average home in Japan is not so well heated as in England 
and it is thought that Japanese people compensate for 
this by wearing much heavier winter clothing than English 
people.
Thus, the difference of comfort conditions between English 
and Japanese people might exist in normal living conditions 
even though Fanger's (1970) results suggest that under 
laboratory conditions the preferred temperature should be 
the same.
Acclimatisation
It is widely believed that by exposure to hot or cold 
surroundings, people can acclimatise to these and thus accept 
as comfortable so that they prefer more extreme temperatures
than non-acclimatised individuals. Fanger (1973), however, 
states that this is manifestly not true. In his study 
(Fanger 1972) he found that individuals (n = 16) who had 
lived their entire life in the tropics and were so called 
'hot adapted' preferred a slightly but not significantly 
higher (0.5°C) ambient temperature in a climatic chamber 
than 256 college-age and elderly Danes who had lived in 
Denmark all their lives. In his later study (Fanger 1973) 
on cold adapted individuals he showed again that no difference 
exists between these and normal individuals. In this study 
he used two groups of sixteen Danes, one group being 
comprised of individuals who, for eight hours a day for at 
least a year, had been occupied with sedentary work in cold 
surroundings in the meat packing industry, and the other 
group being made up of winter swimmers who bathed daily in 
the sea. Results showed that the mean preferred ambient 
temperature for the Danish winter swimmers was 25.0°C and 
that for the workers in the cold environment 24.7°C, however, 
neither were significantly different from the average Dane 
(25.7°C).
According to the author's own previous experiences during
I
a sabbatical year at the University of Surrey (August 1978 -
i
August 1979) her cold tolerance tended to increase with an 
increasing degree of acclimatisation, for the climate in 
Guildford was colder than Osaka, her home town in Japan. On 
the other hand, on returning to Japan, her complaints of being 
uncomfortably hot were more frequent when compared with the 
other Japanese people. In the Japanese summer the temperature
is often above 33°C with a high humidity such as in 
tropics, whilst in Guildford the temperature rarely exceeds 
28°C.
Furthermore a pre-survey (Okukubo unpublished data) 
indicated that the amount of clothing worn by overseas 
students who came from tropics more than two years ago, 
was less than that which they wore during their first 
year in England. Most of them in answer to a question of 
"Why are you now wearing less" replied "I felt very cold 
in winter when I came to England for the first time and 
wore much clothing but now I have adapted to the climate 
and do not feel so cold as I did two years ago".
Comfort Conditions with Reference to Ambient Temperature 
and Thermal Insulating Value for Clothing Worn
One way of ensuring that heat balance between the human
body and the environment is maintained as the ambient
temperature is varied is to alter the level of clothing.
Winslow and Herrington (1949a) in their book, state that 
a sitting-resting nude male (zero clo value) is comfortable 
at 30°C when the humidity is moderate and the air movement 
is low. One clo of insulation is required to maintain the 
same degree of comfort when the air temperature is dropped 
to 21.2°C. Extending this analogy, one may say that two 
clo is the clothing sufficient for comfort at 12.4°C, three 
clo is the clothing sufficient for 3.6°C and so on, each 
additional clo permitting a drop of about 8.8°C from the 
nude comfort level at air temperature 30°C. It is thought, 
however, that discomfort to exposed peripheral parts of 
the body make very low ambient temperatures uncomfortable.
Fanger (1967 and 1970) has determined the relative 
effects of the thermal insulating value of clothing and 
ambient temperature on thermal comfort by means of a 
"comfort" equation. The solutions of this equation have 
been plotted in comfort diagrams which may be used to 
read off the combinations of air temperature, mean radiant 
temperature, air velocity and relative humidity, clothing 
and activity level which create optimal thermal conditions.
For example, for a sedentary person with a metabolic rate 
of 50 calories per square metre per hour, clothing of 1.0 
clo, air velocity of less than 0.1 m/sec and a relative 
humidity of 50 per cent, the optimum temperature is 
estimated, using the comfort equation, to be 23°C. This 
value is approximately 2°C higher than the data of Winslow 
and Herrington (1949a), but Humphreys (1976) has recommended 
the same temperature of 23°C with a clo value of 1.0 
although this is for a metabolic rate of 55 watt per square 
metre which is taken as a typical value of the various 
sedentary occupations at home (see Table 28 in Chapter 5) .
At lower clo values more agreement between results seems 
to exist, for example, for sedentary subjects wearing 
clothing of 0.6 clo the preferred ambient temperature has 
been determined to be 25.55°C (Nevins et al. 1966) 25.71°C 
(Fanger 1970) and 25.6°C using Fanger's comfort equation.
Rohles et al. (1973) have investigated the influence of 
clothing and temperature on comfort whilst sedentary using 
one hundred and fifty college students (75 of each sex) in 
the ASHRAE Environmental Chamber. Three clothing ensembles
having clo values of 0.4, 0.6 and 0.8 clo were selected 
for the study. A multiple regression equation was 
calculated to predict new effective temperatures (Gagge 
et al. 1971) necessary to maintain thermal comfort for 
various clo values. On the basis of the equation it 
has been found that the slope, which represents the 
relationship between the ambient temperature and the 
thermal insulating value of clothing, is slightly greater 
than Fanger's (1967) but less than that reported by 
Winslow and Herrington (1949a). Also the values predicted 
by the equation agree more favourably with the data of 
Winslow and Herrington at a clo value equal to zero, 
but are in closer agreement with Fanger's data at a clo 
value equal to 1.0.
McIntyre and Griffiths (1975) investigated the effects 
of added clothing on warmth and comfort in cool conditions 
using seventeen female and twenty-four male students in 
a climatic chamber. They found that the mean Bedford 
vote was 3.8 (4 = comfortable) for an air temperature of
19°C, an air velocity less than 0.1 metre per second; and
i
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a clothing insulation value of 0.75 clo. The latter was 
estimated by means of the data of Seppanen et al. (1972). 
The results, however, are surprising because the mean 
warmth vote of subjects is unexpectedly high for these 
values. The ambient temperature for the clo value of 0.7 5 
predicted by Fanger's equation is 24.5°C which is 5.5°C 
higher than the temperature of 19°C observed by McIntyre 
and Griffiths.
In an experiment by Ogawa et al. (1975) using eight 
sedentary Japanese students (four of each sex) dressed 
in 1.4 clo in a climatic chamber, the preferred ambient 
temperature was 22°C E.T. Personal communication with 
Yoshida (1980)-suggests that this value of 22°C E.T. 
(Effective Temperature) is equivalent to a dry bulb 
temperature of 24.5°C. The ambient temperature for a 
clo value of 1.4 is predicted by Fanger’s equation 
to be 20.6°C, i.e. 3.9°C lower than that observed by 
Ogawa et al.
It is interesting to speculate on the variation in the 
published literatures, but it is obvious that further 
study should be carried out in order to find the amount 
of clothing insulation necessary to maintain thermal 
comfort in a room at any given temperature.
Techniques and Experimental Methods for Investigation of 
Thermal Comfort
The criteria for evaluating thermal comfort are either 
the votes of respondents assessing their thermal comfort, 
or the state of the thermoregulatory system as assessed 
by direct measurement or calculation. It is stated by 
Humphreys (197 5) that much recent work on thermal comfort 
lias centred upon the theory of heat exchange, and the 
necessary parameters have been evaluated in laboratory 
experiments. j
In general, the following three principal techniques have 
been used in the research on thermal comfort :
1. Direct determination of preferred ambient temperature 
in environmental chambers j
2. The use of rating scales in environmental chambers
3. Field surveys
With the first method the subject sits by himself in an 
environmental chamber. He is asked at frequent intervals 
whether he would like any change in temperature, which is 
then provided by the experimenter. The subject thus 
brings the chamber temperature to his own preferred 
temperature. The technique produces a single measure.
In the second method subjects are exposed to a given 
temperature in an environmental chamber for a set 
exposure time. At the end of the period they indicate the 
sensation on a rating scale. The two most widely used 
scales are the Bedford and the ASHRAE scales. By exposing 
a large number of subjects to a range of temperatures it 
is possible to construct a picture of how sensation varies 
with temperature. |
Field surveys are conducted by asking respondents to| 
indicate their state of thermal sensation on a descriptive 
scale. At the same time, at least the air temperature and 
other physical thermal parameters in the environment are 
measured. The great importance of field surveys is that 
the responses are taken in the respondent's normal 
surroundings.
Two basic designs have been used; the longitudinal and
the transverse. In the longitudinal a small number of 
respondents give repeated indications of their thermal 
sensation over a period of weeks or months. Due to the 
small number of subjects involved this type of study may 
not give data which is representative of the wider population.
In the transverse design a large number of subjects are 
asked to make only one indication. This type gives the 
extent of variation among individual's responses and can 
give good estimates for the population.
The second method above, rather than the first one, has 
widely been applied in laboratory experiments. Nevins et 
al. (1966), Fanger . (1970) and Rohles et al. (1971), for 
instance, have exposed subjects for three hours to 
different combinations of two physical thermal parameters, air 
temperature and relative humidity, while keeping constant 
all the other factors which influence thermal comfort. For 
example, the subjects wore clothing with 0.6 clo insulation 
(standard KSU) sat at tables, and were permitted to read, 
study or talk quietly during the three hour test period.
They were asked to indicate their thermal sensation at a 
set voting time.
Humphreys and Nicol (1970) and Fishman and Pimbert (1978a) 
carried out their field surveys on office workers' reaction 
to their thermal environment using a longitudinal design 
in which the subjective responses of respondents were 
monitored every working day for extended periods.
Humphreys (197 5) in his extensive investigation on the 
field studies of thermal comfort, draws attention to an 
important difference in the findings of climatic chamber 
experiments and field trials. In the laboratory situation 
respondents appear to be more sensitive to thermal factors 
than in field trials. In a field study no attempt is made 
to control the environmental conditions. This means that 
field studies on thermal comfort gain in realism, but1 lose 
some of the advantages of planned experimental designs. 
Humphreys (1975) has pointed out that none of more than 
thirty field studies on thermal comfort conducted during 
the last forty years deals with the home environment.
This present study attempts to investigate one type of 
home environment, the study room used by students, using 
transverse field surveys.
Many of the studies on thermal comfort have been carried 
out in order to find a way of describing the thermal 
environment which correlates well with human response, 
and to define the range of conditions found to be pleasant 
or tolerable by the population. To predict thermal 
comfort, a regression analysis of the data must be carried 
out so that all suitable combinations of any two variables 
for instance, ambient temperature and thermal sensation, 
can be determined (Nie et al. 1975).
The integrated effects of the four thermal environmental 
parameters and various human variables affecting thermal 
sensations of people are enormous, which means that it 
is necessary to consider the effects of all the variables
simultaneously if the thermal environment is to be 
described in subjective terms for each combination of 
all the variables. It appears that these variables 
have not been previously subjected to a multidimensional 
variables analysis in spite of their importance in 
determining thermal comfort. The present study attempts 
to investigate comfort conditions by means of the 
Hayashi's theory of quantification (Hayashi 1952 and 
1961, and Miyake et al. 1977).
CHAPTER 3 
EXPERIMENTAL METHOD
Methods of Measurement of Thermal Conditions 
The quality of indoor thermal conditions results from the 
interaction of the four physical thermal parameters: air 
temperature, mean radiant temperature (temperature of 
surrounding surface), air velocity and relative humidity.
The integrated effect resulting from combinations of 
these environmental variables governs people's thermal 
sensation. The thermal conditions are therefore evaluated 
by determining the four physical parameters.
Measuring Points
The general practice is to choose a suitable number of 
measuring points equally distributed over the occupied 
zone in the space (such as a room) which is under 
investigation. For sedentary persons the measurements 
should be taken 0.6 metre above floor level, and for 
standing persons 1.0 metre according to Fanger (1970). 
Auliciems (1972) on the other hand, has recommended 
that for sedentary respondents measurements should be 
taken at the head height of the sitting respondent; 
approximately 0.92 metre above the ground.
The height above floor level which was chosen for this study 
was therefore tested in a pre-survey in which globe 
temperatures were measured at two heights: 0.6 metre and
0.9 metre above floor level for sedentary subjects in ten
i
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study rooms on the university campus. The results showed 
that no significant difference was found between the 0.6
metre and 0.9 metre heights which indicated that complete 
confidence could be placed on a measurement taken at only 
one height.
For. this survey the measuring point chosen was 0.3 metre 
away from the sedentary subject and 0.9 metre above 
floor level.
Mean Radiant Temperature and Globe Temperature 
As Fanger (1970) has pointed out it is quite complicated 
in practice to measure the mean radiant temperature. 
Because of its simplicity, the globe temperature is taken 
to be a sufficiently accurate representation of the 
radiant temperature; the mean radiant temperature can 
then be calculated from this value, the air temperature 
and air velocity.
Humphreys and Nicol (1970) investigated some of the 
established methods for determining ambient temperatures 
to see whether better results could be obtained using 
equipment other than just a globe thermometer; they 
found that none of them was significantly better than 
the globe temperature.
The globe thermometer was devised by Vernon who used 
it as an index of thermal comfort influenced by 
radiation. It consists of a black spherical shell !in 
the centre of which is placed a thermal sensor which will 
take on the mean temperature of the globe. Spherical 
diameters of varying sizes have been used, but most common
are Vernon's (d = 15.2 cm) and Missenard's (d = 9 cm).
In theory any diameter can be used, but a large sphere 
gives the greatest accuracy since the convective heat 
transfer coefficient is then lowest. In this study the 
globe temperature was determined by means of a globe 
thermometer of 15.2 cm diameter.
Air Temperature (Dry Bulb Temperature) and Relative 
Humidity
Both air temperature and humidity can be measured using 
either an Assman psychrometer, a sling psychrometer or a 
Mason's hygrometer. In addition, air temperature can be 
measured by a mercury thermometer, a thermocouple or an 
electrical resistance sensor (including a thermistor) and 
humidity can be measured by a hair hygrometer or 
electrolytic hygrometer.
It has been said that vapour pressure will normally be 
the same over the whole room, and it is therefore 
sufficient to measure the humidity at only one location.
In practice, the measurement of air temperature and j 
humidity were taken together using an Assman's psychrometer 
or sling hygrometer. Air temperature was determined by 
reading the dry bulb temperature and relative humidity was 
determined by use of the chart or table which relates the 
dry and wet bulb temperatures to humidity. The greater 
the differences between the wet bulb and dry bulb 
temperatures the lower the relative humidity. |
The Assman psychrometer is an aspirated, dry and wet
bulb thermometer combination with the mercury-in-glass 
bulbs protected from thermal radiation by two highly 
polished co-axial chromium tubes. A regular flow of 
air at approximately 3 to 4 metre per second is given to 
the bulbs of the thermometer by means of a clockwork fan. 
The sling psychrometer consists of dry and wet bulb 
thermometer combination with the mercury in glass bulbs 
mounted side by side on a frame fitted with a handle by 
which the device can be whirled through the air. The 
reading is taken after the psychrometer is rotated at a 
constant speed for a few minutes. The accuracy has been 
shown to be as high as that of the Assman psychrometer.
A sling psychrometer was used in the survey in England and 
an Assman psychrometer was used in Japan.
Air Velocity
Air velocity can be measured by a thermal anemometer or 
a Kata thermometer. The Kata thermometer was devised by 
Hill for the purpose of measuring the physiological 
effects of the environment, as the rate of cooling of 
this thermometer was believed to be similar to that of 
the human body. Air velocity can be calculated from 
the cooling power (the Kata value) and the air temperature.
The thermal anemometer is more convenient to use than the 
Kata thermometer, but there is no difference in the 
accuracy between them. Kata thermometers were used in the 
surveys in both England and Japan. \
Effective temperature is an arbitrary index of the 
sensation of warmth experienced as the result of air 
temperature, humidity and air velocity; it combines 
these three factors into a single value. This index has 
been investigated by Yaglou and his associates since 1923 
(Houghton and Yaglou 1923, Yaglou 1927 and 1947).
It is defined as an index of the warmth felt by the 
human body on exposure to various temperatures, humidities 
and air velocities. The scale of effective temperature has 
been fixed by the temperature of still and saturated air 
which feels as warm as the given conditions (Forbes 1968) .
Humphreys (1975) states that effective temperature more 
closely correlates with subjective thermal sensations in 
an environment with both a high temperature and humidity 
such as in tropics than air temperature alone. This index 
is commonly used in Japan. The effective temperature can 
be estimated by means of the nomogram which relates the 
dry and wet bulb temperatures and air velocity to it. Two 
scales are available, a "normal" scale for individuals 
ordinarily dressed and slightly active and a "basic"; scale 
suitable for subjects stripped to the waist. The normal 
scale was used in this study.
Questionnaire Relating to Subjective Factors Contributing 
to Thermal Comfort
Questionnaires were designed to investigate subjective 
factors contributing to thermal comfort. The questionnaires
used in both the surveys in England and Japan appear in
Appendices 1 and 2.
The Bedford scale was used for measuring the thermal 
sensation value relative to thermal conditions, and the 
ASHRAE scale was used for measuring the feeling of warmth
value relative to the clothing worn. A scale from very
uncomfortable (-3) to very comfortable (+3) was also 
•used to measure the degree of clothing comfort.
The Bedford and ASHRAE scales are the most widely used 
scales to investigate the state of subjective thermal 
sensation. They are both seven point scales ranging 
symmetrically around a neutral or comfortable category 
as shown below :
Bedford Scale ASHRAE Scale
Numerical Numerical
Description Value Description Value
Much too cool 1 Cold 1
Too cool 2 Cool 2
Comfortably cool 3 Slightly cool 3
Comfortable 4 Neutral f
Comfortably warm 5 Slightly warm 5
Too warm 6 Warm 6
Much too warm 7 Hot 7
The Bedford scale is a combined estimate of comfort and
warmth. It has been criticized on the point that the
relationship between warmth and comfort is not necessarily 
constant. In spite of criticism the Bedford scale is 
widely used. The ASHRAE scale makes no reference to^comfort
or pleasantness and has sometimes been used in conjunction 
with a separate scale of comfort or pleasantness.
Both the thermal sensation scale with nine categories 
and the thermal comfort scale with four categories which 
have been proposed by the Society of Heating,Air Conditioning 
and Sanitary Engineers of Japan are commonly used in Japan.
In order to design the question which determined the 
subjective factors contributing to clothing comfort (number 
3b of Questionnaire B), three pre-survey questionnaires 
were completed by both a sample of English and Japanese 
students. In this the subjects were required to answer 
the following questions :
3a How comfortable/uncomfortable arc you in the clothes 
you are now wearing?
Please tick the most appropriate box.
Very
Comfortable
Very
Uncomfortable -3 -2 -1 0 1 2 3
3b Please state, in your own words, with as much detail 
as possible, all the factors which are contributing 
to your comfort or discomfort. For example you may 
feel comfortable/uncomfortable in clothes of a 
particular colour or design or manufacture etc. We 
are interested in all these factors and any others 
which may affect your comfort. Please list them in 
their order of importance.
The answers obtained were diffuse and difficult to 
analyse so a revised form of the question was used. In 
a second pre-survey a list of clothing properties was 
given and subjects were required to tick and place in 
order of influence all the factors which contributed to 
comfort or discomfort.
This caused some confusion, and many answers were invalidated 
as the subject was not quite sure of the requirements. The 
third version required the subjects to tick and place in 
order of importance only the five most important factors; 
this proved quite satisfactory and was incorporated in the 
final questionnaire described in the next chapter.
The clothing check lists (no. 3 of Questionnaire A in both 
Appendices 1 and 2) were designed on the basis of data 
obtained in pre-surveys to investigate the actual clothing 
worn by students in their study rooms. Therefore some 
modifications were made to the Japanese version because 
of different customs relating to the type of clothing 
worn.
Methods of Estimation of the Thermal Insulating Value for 
ClotKTng Ensemble Worn
The clo value of clothing worn by a person is calculated 
by the following formula when the human body, rather than 
a manikin is used for the determination (Burton 1944)
T -i 5.55 (Ts - Ta) AIcl = _______________ ^ j   - la
M - 0.58E + 0.83w (2 ATr + A.Ts)/3
where
Icl = overall insulation of assembly in clo units
la = insulation of air in clo units
Ts = mean skin temperature, excluding temperature
of hands, head and feet, °C
Ta = ambient air temperature,°C
2
A = body surface area (DuBois), m .
M = total metabolic rate determined from oxygen
consumption, kg.-cal./hr
E = evaporation loss estimated from successive
weighings of clothed subjects, loss in grms. 
X 0.58 = kg.-cal./hr.
w = weight of unclothed subject, kg. j
0.83 = composite specific heat of human body, 
k'.g . -cal ./kg ./°C
ATr = rate of fall of rectal temperature, °C/hr
Zb^ Ts = rate of fall of mean skin temperature, °C/hr
5.55 = the reciprocal of the clo value, converts the
total resistance, kg.-cal./m /hr./°C into 
clo units
Burton conducted his experiments at moderately low 
temperature with subjects at rest. Observation of Ts,
M, E, Tr and Ta was made between the second and third hour 
of exposure after the subject attained a steady rate of 
cooling.
It will be noticed that the direct calculation from 
Burton’s equation of the clo values for the actual : 
clothing ensembles worn by respondents is rather 
impractical for field studies. Accordingly, to 
simplify the procedure many workers estimate the thermal 
insulating values from the published data derived from 
direct measurement. For instance, McIntyre and Griffiths 
(1975 and 1978), Fishman and Pimbert (1978a) have both 
estimated clo values of different clothing ensembles 
using the data of Seppanen et al. (1972).
Seppanen et al. determined the clo values for a large 
number of typical indoor clothing ensembles for both 
males and females. These ensembles were chosen based 
upon the data from the questionnaire surveys that were 
carried out in 1969 and 1971 involving 1,870 and 138 
students respectively. The determinations of clo 
values were made by means of a thermal manikin in the 
condition of thermal equilibrium with the surroundings, 
and no attempt was made to measure moisture permeability. 
The manikin used consisted of a black anodized copper skin 
formed to approximate the physical form of a typical man.
It can be said that of all the published information on 
thermal insulating values for clothing ensembles theijr
work gives us the latest data on the clo value for the
!
largest number of types of ordinary clothing. But we'must 
point out that some contradictions exist in their reported 
data, for instance :
(1) a sleeveless under shirt is warmer than a short 
sleeve version
(2) nylon pantihose (tights) do not increase the clo 
value
(3) a "warm" jacket is not warmer than a "cool" one
(4) One of their conclusions has also shown that the 
type of underwear worn by women has relatively 
little effect on thermal insulating values, while 
men's underwear is a significant factor in thermal 
insulation.
On the other hand, Mihira and Taya (1978) and Mihira 
and Ohno (1977) in their studies on measurement of thermal 
resistance of garments using thermal manikins, found that 
underwear worn by women increased the clo value. According 
to Mihira and Taya (1978) the total clo value for a 
given underwear combination, cotton bra, cotton panties, 
nylon tights, nylon girdle and cotton under shirt was 0.86, 
but when a nylon slip was added to the ensemble its : 
value increased to 1.03. These contradictory findings 
may depend on the difference in types of underwear worn 
by the samples of Seppanen and Mihira and Taya. However, 
the work of Okukubo (1969a and 1969b) tends to confirm the 
findings of Mihira and Taya as she found by means of the 
direct measurements using Japanese female students that 
various types of underwear worn by women increased the 
clo value. The clo value for a given ensemble, cotton 
bra, acetate pants, long sleeve sweater, skirt, slip and 
nylon tights, was higher than that for the same ensemble 
which did not include the slip and nylon tights. The 
result was supported by the respondent’s subjective reactions,
namely that they were warmer when wearing a slip and 
nylon tights. I
In another investigation (Ohkawa et al. 1963) on the hygienic 
effects of wearing nylon tights (stockings) significant 
differences in skin temperature, sensitivity to tactile 
stimuli, muscle tone and the feeling of warmth of the 
lower leg, were found between female students wearing 
nylon tights and those without. It appeared that tights 
help to protect a person from the unpleasant effects of 
having cold legs.
Consequently the modified clo values shown in Appendices 
3 and 4'were applied in this study in order to estimate 
the thermal insulating value of a clothing ensemble worn 
by the respondent. These listed values basically depend 
upon the data of Seppanen et al. (1972), but some of 
their contradictions have been resolved and also, on the 
basis of the author's data, Seppanen’s data has been 
supplemented with ensembles which do not exist in his 
table (Ohkawa et al. 1963, Okukubo 1969a and 1969b and 
Mihira and Taya 1978).
It is well known that the thermal insulating value of a 
given textile system depends first and foremost on the 
thickness and porosity of the individual textile layers 
(Meredith and Hearle 1959) and that the type of textile 
fibre does not seem to be of great significance(Rees 1971).
In this survey the types of textile fibre from which the
clothing was made were not examined, partly because thif 
is a complicated process, but more importantly because 
it appears to have so little effect on the insulating 
properties of the clothing ensemble. More attention, 
therefore, was paid to the thickness of the garment.
Methods of Measurement of Skin Fold Thickness
Skin fold thickness was measured by a dial type caliper 
which was designed to give a constant pressure on the 
skin fold of 10 grammes per square millimetre over its 
entire operating range. The two most commonly used folds 
for estimating the skin fold thickness on the body are 
the triceps, half way down the outside of the upper arm 
and the subscapular, just below the angle of the left 
scapula (Kawahata and Suzuki 1967) .
In a pre-survey it was shown that the values for the 
triceps and subscapular showed roughly similar trends, 
and measuring at the upper arm was more convenient compared 
with that at the back. These findings support the data 
of Edwards et al. (1955). Accordingly one measuring 
point (the triceps) was chosen to simplify the procedure 
in this study.
Edwards et al. (1955) suggested that it was better to 
transform skin fold values of his sample of 70 
3 to 18 year olds matched for sex and 30 18 to 45
year old males obtained with a dial-type caliper 
from four sites, triceps, biceps, sub'scapular and 
suprailiac into a logarithmic scale before analysis 
in order to obtain a normal frequency distribution.
On the basis of the data of Edwards et al. Holtain Ltd. 
in their instructions on the Holtain skin fold caliper 
stated that because the values obtained with the skin 
fold caliper give a markedly non-normal frequency 
distribution it is necessary for most purposes to
transform them into a log. scale. However, a normal 
frequency distribution for the. skinfold thickness was 
observed in Okukubo's (1971a) data in which the skin 
fold thickness was measured at the triceps on 103 
Japanese female students using a KYS skin fold caliper. 
These contradictory findings may possibly be due to the 
difference in age of subjects between the populations in 
Edwards’ project and those in the author's.
Andersen (1973) in his study on the physiological effect 
of moderate heat stress, has reported the values for the 
skin fold thickness in millimetres not log. scales. The 
same method as Andersen's is commonly used in Japan. 
Consideration of Andersen's data and the desirability to 
deal with raw data when results are to be analysed 
statistically mean that in spite of Edwards' statement and 
the Holtain instructions values for the skin fold thickness 
in this study are reported as values in millimetres.
CHAPTER 4 
EXPERIMENTAL PROCEDURE
Subjects and Study Rooms Investigated in Both the Surveys 
in England and Japan
Subjects in the Survey in England
An effective sample of 100 subjects was obtained in the 
survey in England. The subjects were students aged between 
19 and 28 years of age living in single rooms on the campus 
of the University of Surrey. The sample was constructed 
from four equal groups as follows :
1. English males
2. English females
3. Overseas males resident in England for less than 8 
months (overseas males of recent arrival)
4. Overseas males resident in .England for more than 20 
months (overseas males of longer residence).
It was not anticipated that the home town of the English 
subjects would have any influence on the results so these 
have not been recorded. The country and town of origin of 
the overseas students are shown in Table 1. It will be 
noticed that all these students came from localities 
which, for part of the year at least, are much hotter than 
England. As it was felt that acclimatisation could have 
some effect on results the overseas students were divided 
into two classes (Table 1) according to the length of 
their sojourn in England.
Table 1. Country and Town of Origin of the Overseas 
Students.
!
!t
Overseas males 
of recent 
arrival (less 
than 8 months 
residence in 
England).
Overseas males 
of longer 
res idence 
(more than 20 
months in 
Eng land)*
i
! Malaysia
ii
(Kuala Lumpur 
(Penang, Bato Pahat 
(Kuching, Sibu
8 8
(Sarawak, Singapore 2 1
* ChinaI Hong Kong 6 7 •'
■ Sri Lankai Colombo 2 2
; India Pune 2 0
Pakistan Karachi 0 1
' Nigeria (Lagos, Opoji 
(Port Harcourt 
(Amambea State 
(Bakona
3 3
Rhodesia 0 2
Sudan Khartoum 1 0
Kenya Nairobi 1 1
Total
i
1!
j
25 25
i
Period of residence in England varied from 20 months to 5 years, 
the average period is 3.3 years.
It would have been rewarding to have studied overseas 
female students, but unfortunately this group was so 
small that it was not possible to obtain a representative 
sample.
Subjects in the Survey in Japan :
An effective sample of 50 subjects was obtained in the 
survey in Japan. These were students aged between 19 
and 28 years living in single rooms in lodgings situated 
either near the Kyoto University in Sakyo-ku or the 
Kyoto University of Foreign Studies in Ukyo-ku.
.The sample was chosen at random from four lodgings which 
seemed to be the most popular type for Japanese students.
The sample was constructed from equal sized groups as 
follows :
5. Japanese males
6. Japanese females.
The effective sample of 150 subjects was in good health 
and, if female, was not menstruating at the time of the 
investigation. All the subjects adjusted thermal 
conditions in their rooms so that after they had been 
there for two hours reading or studying this felt ,
i
comfortable. Comfort was measured on the Bedford Scale
i
meaning that each subject must have voted comfortably 
cool, comfortable or comfortably warm to be included in 
the investigation. (Question 4 of Questionnaire B see 
Appendices 1 and 2). Clothing comfort was also measured, 'and 
only those reporting comfort were included in the sample.
This was done on a scale ranging from very uncomfortable 
(-3) to very comfortable (+3) so that each subject must
have voted +1, +2 or +3 (Question 3a of Questionnaire B) 
to be included. j
In order to obtain the effective sample of 100 subjects 
in England, actually 112 subjects were tested in the 
initial stages of the survey but 12 were eliminated for 
one or other of the reasons above. Some had a cold and 
others had felt too hot or too cold after sitting for 
two hours. In Japan 56 subjects were actually investigated 
but 6 were eliminated for one or other of the reasons.
Restricting the sample in this way is necessary if the 
results are to be valid. As the aim of this study is to 
determine the factors which contribute to the comfort 
range with regard to clothing and thermal conditions in 
healthy subjects, it was felt that any factors which 
could confuse the issue, or make the judgement of the 
subject less reliable, should be eliminated.
Study Rooms in the Survey in England
The 100 rooms investigated in the survey in England were 
single study rooms on the campus of the University o;f 
Surrey (51° North). The University has five courts ;of 
accommodation: Guildford Court, Cathedral Court,
Battersea Court, Surrey Court and Stag Hill Court, each 
differing slightly with regard to room size and layout.
The 25 rooms of each of the four groups, English males, 
English females, recent arrivals from overseas and the
longer residents from overseas, were chosen at random 
from each court (approximately equal numbers from each 
court), so as to minimize any effect which could be 
attributed to the peculiarity of a particular room.
End rooms, that is rooms with two outside walls were 
not chosen, as it was felt that these would be colder than 
others. All the rooms chosen had a room on either side of 
them and consequently had only one outside wall. The air 
volume of the room was approximately 19 cubic metres.
In all rooms the radiators could be individually controlled 
to adjust heating.
Study Rooms in the Survey in Japan
The 50 single study rooms investigated in Japan (Kyoto 
city is 35° North) were in lodgings under private 
management. These buildings were made of concrete, not 
the traditional wood style house found in Japan. The 
study rooms were all of western style with either wooden
I
or carpeted floors and their occupants usually wore i
i
slippers or shoes in contrast to socks or bare feet on 
the tatami, which is the normal custom in a Japanesej 
style room. Each of the 25 rooms for the males and ! 
females were again chosen at random from the four lodgings, 
so as to minimize any effect which could be attributed to 
the peculiarity of a particular room. The air volumes of 
the rooms were approximately 1.7 cubic metres. In each 
room either a petroleum or gas stove was used for the
space heating, and the ambient temperatures could be
individually controlled by adjustment of these.
Survey Procedure
Each subject was asked to sit down at his/her desk for 
two hours whilst reading or studying in the normal way. 
After one hour and at the end of the second hour each 
subject was asked to complete a questionnaire. During 
the time of the experiment each subject was instructed 
not to eat any food, although adjustment to heating was 
allowed, windows could be opened or closed and clothing 
levels could be adjusted. Smoking was allowed but it 
was asked if it could be kept to a minimum.
Measuring the Physical Thermal Parameters in Study Rooms
Globe thermometers take a comparatively long time to 
reach equilibrium, and about 15 to 20 minutes of exposure 
was allowed before readings were taken. In practice, at 
the beginning of the experiment, the globe thermometer was 
suspended at the measuring point on the desk, and readings 
were taken at the same time as the questionnaires were 
completed.
Relative humidity readings with the Assman psychrometer 
suspended at the measuring point were taken three minutes 
after switching on the instrument.
Air velocity was measured by means of a Kata thermometer 
which had a cooling range of 38 to 35°C. In the survey 
in England one made by C.F. Cassella & Co. Ltd. was used, 
and in Japan one made by Sibata Chemical Apparatus 
Manufacturing Co. Ltd.
The procedure for operation was as follows : the bulb of
the Kata thermometer was heated by immersion into hot 
water (80°C) until the spirit rose and filled half of the 
top bulb. The bulb was then wiped dry with a soft cotton 
cloth and suspended at the measuring point by a stand on 
the desk. The time taken for the spirit to fall from the 
upper to the lower mark was checked with a stop watch.
The first reading was discarded and three subsequent 
readings were used to determine a mean value which was used 
as the result.
The following formula was applied for the calculation of 
air velocity ;
II F a H
T 36.5 - t
V (a - 0.2)2 
( 0.4 ^
a / 0.6 m/sec
where
H
V
F
air velocity (m/sec)
2cooling power (milli-cal/cm , sec)
2
Kata factor (milli-cal/cm )
T = cooling time (sec) 
t = the air temperature ( C)
All measurements of physical parameters were made at 
the end of the two hour survey period.
Effective Temperature
The effective temperature was estimated on the basis 
of the three indices which were directly measured; the 
dry bulb temperature, wet bulb temperature and air 
velocity, by means of the nomogram for normal effective 
temperature shown in Appendix 5 (Okukubo 1976b) . j
Questionnaire Relating to Subjective Factors Contributing 
to Thermal Comfort j
The questionnaires used in this survey were designed with
the aim of determining the subjective factors contributing
to comfort, that is, the thermal sensation relative to the
thermal conditions in the room, the feeling of warmth
relative to the clothing ensemble worn, subjective factors •
contributing to clothing comfort, and an inquiry of the
actual clothing worn by the subjects during the time of
the experiment. "Questionnaire A" was to be completed
one hour after starting the experiment, and "Questionnaire
B" was to be completed one hour later.
The questionnaires A and B used in both the surveys in 
England and Japan appear in Appendices 1 and 2 respectively. 
The same questionnaires were used in both countries, but 
some modifications were made to the Japanese version 
because of different customs relating to the type of! 
clothing worn. For instance, because these garments;are 
commonly worn in Japan, vests with long sleeves and 
nylon girdles were added to the check list on the 
questionnaire used in Japan.
The thermal sensation value relative to the thermal 
conditions in the room was measured using the Bedford
i
i
scale, one hour after starting the experiment and again
j
after two hours. (Question 1 of Questionnaire A and ; 
question 4 of Questionnaire B). The feeling of warmth 
relative to clothing worn was measured using the ASHRAE 
scale; cold, cool, slightly cool, neutral, slightly1
warm, warm and hot, one hour after starting the experiment 
and again an hour later. (Question 4 of Questionnaire A 
and question 2 of Questionnaire B).
As shown in question 3a of Questionnaire B, a scale from 
very uncomfortable (-3) to very comfortable (+3) was used 
to measure the degree of clothing comfort, and the 
subjective factors contributing to it were investigated 
using question 3b of Questionnaire B. In this case a numhe 
of factors which were thought may contribute to comfort 
or discomfort were included. The subject was both 
required to tick those factors which applied to his/her 
answer in question 3a and place the five most important 
factors in order of importance after they had been ticked.
The questionnaires were handed to the subject at the 
beginning of the experiment and after completion by the 
subiect were collected and checked carefully by the 
experimenter.
Estimating the Thermal Insulating Value for the Clothing 
Ensemble Worn by Subject
I
The thermal insulating value for the clothing ensemble 
worn by the subject was estimated from the clothing check 
list using the modified clo values that basically 
depended upon the data of Seppanen et al. (1972) .
Actual Clothing Ensemble Worn by Subject 
The clothing check list to determine the actual clothing 
ensemble worn by the subject during the test period was 
completed one hour after starting the experiment and 
was confirmed again one hour later. In this way it 
could be determined if the subject made any changes to his 
clothing during the course of the experiment. The 
completed check list from each subject was carefully 
examined by the experimenter.
The thickness of garments in the English survey were 
roughly assessed by comparison with the thickness of some 
standard specimens,whilst in the Japanese survey garment 
thickness was measured by means of a portable thickness 
gauge. Whether the garments, worn were thick or thin 
was judged on the basis of the thickness level that 
Seppanen et al. (1972) used in drawing up their table 
of clo values which in its modified form is represented 
as in the footnotes for the Appendices 3 and 4.
The thickness gauge of dial type used in the survey in
i
Japan was made by Koa Shokai Ltd., and the dial was j
marked in divisions of 0.01 millimetres. In order to 
eliminate the measuring error which could result from
j
different techniques by different observers, the 
measurements were all made by the same observer. Three 
readings were taken at each of two measuring points for 
each sample, and the mean of these was taken.
Thermal Insulating Values for Men's and Womens Ensembles 
The clo values for representative men’s ensembles appear 
in Appendix 3, and those for women’s in Appendix 4.
The type of clothing ensemble is represented by the 
ensemble number, which consists of four figures. The 
first two' figures express the type of outerwear, the 
third one the type of underwear, and the last one 
socks or tights. What kind of underwear is represented 
by the numerical symbols indicated in the Table footnotes.
The odd numbered outerwear ensemble indicates jeans in 
combination with other clothes and the even numbered 
ensembles show trousers or slacks in combination with 
other clothes. The women’s slacks ensembles are 
represented by the addition of 3 x 10^ to the men’s 
ensembles. For instance, a trousers, long sleeve sweater 
and socks ensemble for men is represented by the number 
of 1801 (Appendix 3) whilst a slacks, long sleeve sweater 
and socks ensemble for women is represented by the number
4801 (Appendix 4). j
!
In the Appendices 3 and 4 some of the Seppanen’s original 
values are shown together with the modified values 
indicated by the addition of the letters "SE No." This is
done to help understand how the listed values are derived 
from Seppanen*s data.
For instance, the clo value for the clothing ensemble, 
jeans, short sleeve shirt and socks, represented by 
Seppanen’s ensemble number of 23 (SE No. 23) is 0.49 
clo, whilst for the same combination cool trousers are 
substituted for jeans (SE No. 10) the clo value is 0.51. 
Thus a clo value of 0.02 is given to the difference 
between the jeans and trousers combination in the Table.
Because there are only three slacks ensembles in his 
, table the identical values with those for men's trousers 
(or jeans) ensembles are given to the women’s slacks 
(or jeans) ensembles. This seems to be a reasonable 
technique since the textile material of which women’s 
garments are made are almost similar to those for men 
from the warmth point of view.
Since a sleeveless sweater ensemble does not exist in 
his table, the clo value for the sleeveless sweater has 
been added. It is based on the value for a long sleeve 
sweater with an appropriate reduction in value relative 
to the decreased area of the human body covered.
Further modification to Seppanen’s table related to his 
ensembles number 12 and 13 and 47 and 48 have been made. 
In the ensemble numbers 12 and 13 where trousers, 
short sleeve shirt, short sleeve undervest and socks are 
recorded as having a clo value of 0.59 (SE No. 13)
j
and the same ensemble, except with a sleeveless undef 
shirt has a value of 0.62 clo (SE No. 12), a common | 
value has been ascribed. This also applies to
the anomalies of women's underwear. In the case of 
ensembles,to simplify the procedure in this study, : 
an identical value is used whatever undershirt is worn.
The procedure for estimating the clo value of the clothing 
ensemble by means of the Appendices 3 and 4 will be explained. 
In the Appendices a thin garment with low clo value and a • 
thick garment with high clo value are listed so that it 
is possible to evaluate quite accurately from them the 
thickness and the insulating value of the clothing worn 
by the subject. (The thickness of these garments is 
shown in the footnotes.)
For example, men's ensembles represented by No. 2301 and 
No. 2501 both consist of thin long sleeve shirt, long 
sleeve sweater, jeans and socks. However, the difference 
between them depends on whether the sweater is a thin or 
thick one. The clo value for the ensemble No. 2301 
which includes a thin sweater is determined to be 0.72 
clo, while that for the ensemble No. 2501 is determined 
to be 0.81.
The clothing ensemble represented by No. 2301 is the most 
popular type worn by English male students and when a 
vest without sleeves is added to the combination, which 
is represented by No. 2311, its value is increased to
0.80 by adding the clo value bf 0.08 for the vest.
A women's ensemble, thin skirt and thin long sleeve blouse 
represented by No. 8200, has a clo value of 0.36; however,
when tights are added its value is increased to 0.42 
by the addition of 0.06 clo for the tights. In this 
way the thermal insulating value for any clothing 
ensemble not specifically mentioned in the Table could 
be estimated.
Measuring the Skin Fold Thickness of Subject
The measuring point on the triceps was half way down 
the outside of the upper arm between the tip of the 
acromion and the tip of the alecronon, with the fold 
picked up in a line passing directly up the outside of th 
upper arm. If the subject was right-handed the 
determination was made on the left arm and vice versa for 
a left-handed person. Each subject was measured with 
bare arms when the arm bein-g measured hung freely in a 
relaxed condition. This relaxation of the subject is 
important if accurate values are to be obtained because 
a higher than normal reading is obtained when muscles 
are tensed.
The measuring point was first marked with sticking 
plaster and the measurement was made using a caliper by 
the following technique. The thumb and forefinger of 
the left hand picked up a fold of skin and subcutaneous 
tissue and gently pinched it away from the underlying 
muscle; this fold was held proud of the arm throughout 
the course of the measuring operation. The caliper was 
applied to the fold a little below the pinch point and 
the right hand was allowed to fully relax its grip on 
the trigger so tliat the jaws could exert their full | 
pressure. The reading was taken immediately after the 
instrument had exerted its full spring pressure, three 
subsequent readings were taken at the measuring point and 
the mean of these was taken. In order to eliminate the
measuring error which could result from different 
techniques of different observers, the measurementsjwere 
made by the same observer on all the subjects. The value 
for the skin fold thickness was reported as the value 
in millimetres for the measurement at the triceps.
Experimental Design and Survey Period 
Experimental Design
Four or eight experiments, each lasting two hours a day 
between 9.00 a.m. and 6.00 p.m. were conducted in both 
the surveys in England and Japan.
The survey in England was carried out during the period 
from 26th February 1979 to 6th April 1979. It is 
sufficient to note that the external temperature during this 
period was generally cold, and in spite of the time span the 
weather was remarkably constant; it was said to be the 
coldest winter in England since 1963. The external temperatures 
in Guildford during the period of the survey were as follows :
(1) the mean minimum temperature was 2.7°C
(2) the mean maximum temperature was 10.0°C
(Mullen 1979).
The survey in Japan was carried out during the period from 
26th January 1980 to 8th February 1980. Both the surveys 
in Japan and England covered the period of the latter half 
of winter and extended to the onset of spring.
It was said to be a colder winter than the average year in
Japan. The external temperatures in Kyoto during the period
|
of the survey were as follows :
(1) The mean minimum temperature was 1.1°C !
(2) The mean maximum temperature was 9.2°C.
(Kyoto Observatory 1980). ‘
The islands of Japan lie in the temperate zone and the 
four seasons are clearly divided. Except in Northern Japan 
the winter is mild with many sunny days. i
Statistical Analysis of Data
The data obtained from both the English and Japanese; 
surveys were statistically analysed using a computer 
where FORTRAN (Formula Translation) was used for the 
programming.
The distribution of a set of measurements or observations 
was described with a mean, standard deviation, range and 
95% confidence interval. A one-way analysis of variance 
was used to compare more than two means, and a Student's 
t-test to detect the difference between two means. The 
relationship between two variables both of which are 
subject to a quantitative interpretation was investigated 
by means of a bivariate correlation analysis (Nie et 
al. 1975).
Hayashi's Theory of Quantification
Hayashi's quantification theory (type I) (Hayashi 1952 
and 1961 and Mizuno and Miyake 1977) was applied to the 
data to investigate the effects of different factors Ion 
questionnaire responses (outside variable).
CHAPTER 5
RESULTS AND DISCUSSION
Distributions of Actual Values Obtained in Each Item 
Relating to Thermal Comfort
In this section the distributions of the actual values 
obtained for each response or measured variable as they 
relate to thermal comfort are examined for all the subjects 
in both surveys. These values are :
(1) the preferred ambient temperature
(2) the air velocity and relative humidity in the room 
accepted as providing conditions of thermal comfort
(3) the thermal sensation value voted for the thermal
environment
(4) the thermal insulating value estimated for the 
clothing ensemble worn
(5) the type of the ensemble
(6) the number of garment layers on the trunk
(7) the feeling of warmth relative to the clothing worn
(8) the importance of adequacy of warmth of clothing 
for thermal comfort
(9) the skin fold thickness of the subject.
The raw data from both samples are in Appendix 6.
Thermal Conditions Chosen by Occupants of Study Rooms 
Mean values for each physical parameter measured and ; 
thermal sensation responses recorded are shown in Table
i
2, together with standard deviation, ranges of values and
j
95% confidence limits. The values were all recorded ;after 
2 hours; thermal sensation values recorded after one
hour are not shown as it was thought more important to 
find out the relationship between thermal sensations1 and 
values for physical parameters recorded at the same time 
as these sensations were assessed. It is also important 
to note that in almost all of the study rooms investigate 
the degree of window opening was unchanged and radiator 
settings were not adjusted. Therefore it can be assumed 
that there was no alteration to thermal conditions in 
the room during the test period. In addition no 
complaints of discomfort due to air temperature, air 
velocity, relative humidity or radiation were reported 
for a specific part of the body.
Preferred Ambient Temperature
Humphreys and Nicol (1970) in their survey of attitudes 
of office workers to thermal comfort extending over a 
period of fifteen months found that the mean preferred 
ambient temperature was 21.4°C (globe temperature). 
Fishman and Pimbert (1978a) showed that the optimum ! 
temperature was 22°C (globe temperature) for office 
workers who were monitored every working day for one 
year. For students a mean preferred ambient temperature 
of 19°C (globe temperature) was reported by Leith (1979). 
In her survey eleven students living in single study 
rooms on the campus of the University of Surrey and three 
students living in single study rooms on off-campus 
accommodation were studied during the month of February, 
1979. McIntyre and Griffiths (1975) found that for a
sedentary person a preferred ambient temperature was 
19°C (dry bulb temperature equal to mean radiant 
temperature) in their experiments carried out in the 
climatic chamber using students. Ogawa et al. (1975) 
reported that for a sedentary person the preferred 
ambient temperature was 22°C E.T. (effective temperature) 
based upon their experiments conducted in the climatic 
chamber involving Japanese students. Personal communication 
with Yoshida (1980) suggests that the preferred ambient 
temperature of 22°C E.T. corresponds to 24.5°C if it is 
represented by the dry bulb temperature. For Japanese 
office workers a preferred ambient temperature has been 
determined to be 20°C E.T. (effective temperature) in 
winter, and to be 23°C E.T. in summer (Yoshida 1978).
It will be noticed that the preferred ambient temperature 
of 20.5°C (globe temperature) obtained from this survey 
is lower than the data of Humphreys and Nicol (1970), that 
of Fishman and Pimbert (1978a) and is higher than that 
of Leith (1979). The dry bulb temperature of 20.7°C is 
higher than that reported by Humphreys and Nicol (1970).
The effective temperature of 18.2°C is lower than that 
of Ogawa et al. (1975), and that for Japanese workers 
(Yoshida 1978). j
These apparently contradictory findings may be explained 
by the differences in other human variables which are 
concerned with thermal comfort. In a later section the 
preferred ambient temperatures observed will be discussed
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in connection with the thermal insulating values for the 
clothing ensemble worn by the subjects.
Relative Humidity
The mean relative humidity was 42.9 with a range from 
31.0 to 64.01; the mean in England being 40.2% and that 
in Japan 4 8.1%. The relative humidities observed 
can be seen to lie within the region of the optimal values
i.e. approximately 40 - 60 per cent. (Pharmaceutical 
Society of Japan 1973, Okukubo 1976a and McIntyre 1978). 
The difference observed between the countries in the 
relative humidities accepted as providing conditions of 
thermal comfort, could be due to the differences in the 
space heating systems which were used in the rooms. 
According to Rowley et al. (1947) and Miura (1968) it 
was shown that at air temperatures between 21°c anc[
25.5°C relative humidity had very little effect upon 
sensations of comfort.
Air Velocity
The mean air velocity for the study rooms was 0.10 metre 
per second with a range from 0.06 to 0.28 metre per second 
As in the case of humidity, it is noticeable that there 
is no great difference between the countries. The air 
velocities observed can be seen to lie within the region 
of the optimal values for comfort, i.e. below 0.5 metre 
per second (Pharmaceutical Society of Japan 19 73 , Oku'kubo 
1976a and Fishman and Pimbert 1978b). I
The relationships between the thermal sensation value 
relative to the thermal conditions and each of the 
three preferred ambient temperatures were detected by 
means of a correlation analysis. The correlation 
coefficients calculated are given in Table 3, in which 
the number of the sample computed is one hundred and fifty.
Table 3. Correlation Coefficients between Thermal Sensation 
Value Relative to Thermal Environment and 
Preferred Ambient Temperature.
Preferred ambient temperature Thermal sensation value
Globe temperature 20. 5 0.67***
Dry bulb temperature 20.7 0.65***
Effective temperature 18.2 0.66***
*** p<0.001 Degree of freedom = 148.
As would be expected the three preferred ambient temperatures 
were all found to have a high positive correlation with the 
thermal sensation value, where the significance levels were 
all at the 0.1 per cent. The correlation coefficients 
obtained in this study were of the same high value as the 
data of Nicol (Baghdad), and were higher than those of 
Humphreys and Nicol, those of Bedford, and those of Wyon 
(Humphreys 197 5).
The correlation coefficients calculated for each combination 
of the three preferred ambient temperature values is also
i
significant (0.T1) (Table 4). J
Table 4. Correlation Coefficients Calculated between 
Pairs of Preferred Ambient Temperature 
Values
Dry bulb 
temperature
Effective
temperature
Globe temperature 0.98*** 0.95***
Effective temperature 0 9 7 * * *
***p <0.001
Degree of freedom = 148.
Humphreys and Nicol (1970) investigated some of the 
established methods for determining ambient temperatures, 
e.g. globe temperature, dry bulb temperature, mean 
radiant temperature, effective temperature, corrected 
effective temperature and equivalent temperature to 
determine whether better results could be obtained than 
by using just a globe thermometer. They found that there 
were very small differences between these commonly used 
indices, but none of them was significantly better than 
the globe temperature. The lack of any significant 
difference between any of these indices and the ease with 
which globe temperature can be measured prompted 
the use of this index in the study.
Actual Clothing Worn by Student and Thermal Insulating 
Value for the Clothing Ensemble Worn
The actual clothing worn by the students to achieve thermal 
comfort in their study rooms was investigated and the thermal 
insulating values for the clothing ensembles were estimated 
using the clo values shown in Appendices 3 and 4.
Ensemble Distributions for Male Students 
The ensemble distributions for the four groups of male 
subjects investigated are given in Table 5. The clo values 
(last column) shown in the table indicate the range of values 
calculated for each ensemble actually worn. The most 
popular type of ensemble (4) worn by the male students was 
shirt, sweater (or cardigan) and jeans (or trousers) which 
accounted for 52% of the total, and shirt and jeans (or 
trousers)(1) were the second most popular combination 
accounting for 28% of the total. Dividing the groups up 
it can be seen that the three groups, overseas males of 
recent arrival, English males and Japanese males, the 
percentage wearing ensemble (4) were all high, this being
56%, 60% and 64% respectively. However, the opposite was
the case for the overseas males of longer residence who 
preferred ensemble (1).
The ensemble distributions obtained from this survey can 
be compared with those of Seppanen et al. (1972). Seppanen 
divides clothing into classwear and dresswear. As he is 
referring to American students we can interpret classwear 
as clothing normally worn at university, and dresswear as 
referring to more formal clothing. It is classwear which is 
relevant to the present study. The type of ensemble;which
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showed the highest score in classwear for men was the 
shirt and trousers ensemble (46%) . The shirt, jacket 
and trousers combination was in second place at 2 2%, 
and the third place was represented by the shirt, sweater 
and trousers ensemble at 14%. The rate of wearing the 
sweater ensemble was lower than the data obtained from 
the present survey, while that for the jacket ensemble was 
higher among the American sample. In this survey the 
jacket ensemble was worn by 12% of the Japanese males 
and 5% of the male group in England. These differences cou'ld 
be due to differences in fashion and customs, and the 
picture for America mightwell be different in 1981 from 
what it was in 1971.
As explained by the number shown in parentheses in the
table, the wearing rate of the ensembles with a vest as
well was 96% for the Japanese, yet only 4% for the English
males, 16% for the overseas males of longer residence and
32% for those of recent arrival. In the case of Japanese
2
and English students this is significant. = 49.78,
p/^0.001). In addition the type of the vest worn by the 
Japanese males was one with sleeves, either short or long, 
while that worn by the males in England was a vest without 
sleeves. The very high rate of wearing an undershirt 
among Japanese males reflects the importance of the idea 
in the Japanese culture that the wearing of underwear is 
healthy and hygienic, and vests arc worn by all age groups, 
both summer and winter. The difference in the attitude 
in the two countries on wearing an undershirt that has been 
demonstrated in this survey is of great interest.
The rate of wearing cotton jeans among the Japanese
males was 20%, which was significantly lower than that of
2
the male group in England of 63% (^_ = 12.82, p<^0.001). 
There were four examples of Japanese males wearing thick 
trousers, while there was no example in England. These 
differences probably depend on the differences in fashion 
and customs.
Furthermore, there were three examples amongst the overseas 
males of longer residence in England wearing a short sleeve 
shirt, although there was no example in the other three 
groups of a short sleeve shirt being worn. It is not 
common for English men to wear short sleeve shirts, 
except perhaps on holiday, whereas one might expect students 
from overseas countries which have hot summers, and this 
would include all the overseas students in this survey, to 
possess such shirts. Perhaps during their first winter 
in England they would not find them warm enough, but 
after a period of acclimatisation they would be more 
acceptable.
It is recognised that there are differences in the actual 
ensembles worn by the male students, among the four groups, 
and this finding suggests that the clo values for the 
clothing worn among the four groups may be different'. This 
will be discussed in a later section.
Ensemble Distributions for Female Students 
The ensemble distributions for English and Japanese 
female subjects investigated are given in Table 6. The 
most popular type of ensemble worn by the English females 
was the blouse, sweater and jeans (or slacks), (4), which
was also the most popular combination for the males.
Whilst 48% of the males in England chose this, the 
English females score was only 24%, which is very much 
lower. Slightly less popular choices were the blouse and 
jeans (or slacks), (1), combination, the blouse and skirt
(6) or the blouse, sweater (or cardigan) and skirt (8), 
each of which accounted for 16%. Several other ensembles 
acounted for the remaining 28%, none of them being more than 
12%. Not one English female student wore a dress. Whilst
more than 92% of the English males could be accounted for
in terms of two ensembles, it was recognised that the 
English females were more variable in their choice.
The most popular type of ensemble worn by Japanese 
females was the sweater and jeans (or slacks), (3), and 
accounted for 24%. The blouse, sweater and jeans (or
slacks) combination (4) and the sweater and skirt
ensemble (7) were in equal second place at 20%.
Several other combinations accounted for the remaining 
36%, none of them being more than 12%. There were 
two examples among Japanese female students wearing a 
dress ensemble. While nearly 80% of the Japanese 
males could be accounted for in terms of two ensembles, 
the Japanese females were more variable in their choice 
and therefore in agreement with those observed in the 
survey in England.
According to Seppanen et al. (1972) the most popular 
type of classwear for the female students was the sweater 
and skirt ensemble in 1969, but this shifted to the
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sweater and slacks (or jeans) combination in the 1971 
survey. The higher rates for wearing slacks ensembles in 
both the English and Japanese females are supported by 
the data in the present survey. Seppanen's data also 
supports the present surveys in showing that the 
distribution for the females' ensembles is larger than 
those for males.
The rate of wearing the ensembles which comprised a 
vest among Japanese females of 80% was strikingly high 
compared with that for English females of 4%; this 
difference is significant at the 0.1% level (X- = 29.64, 
p ■'CO. 001). The type of the vest worn by the Japanese was 
one with sleeves either short or long, whereas English 
females who wore a vest wore one without sleeves. Nineteen 
Japanese females out of twenty-five wore a panty girdle 
whilst no English females wore them (see the type of 
clothing ensemble given in Appendix 6). Moreover, the 
percentage wearing a slip under a skirt was much higher 
in the Japanese sample (90%) than in the English sample 
(40%)(see Appendix 6). This difference is statistically 
significant (X = 5 .4 9, p<C0.05).
It is apparent that considerable differences exist in 
attitudes to wearing underwear between English and 
Japanese females, and this probably depends upon both 
customs and fashion.
Nineteen Japanese females out of the twenty-five (76%) 
wore tights (see Appendix 6 in which the ensemble type 
has been described). This figure was significantly high 
compared with the 28% for English females (X 11.54,
p<^0.001). Interviews 
that they wore tights 
warm, rather than for 
this connection it is 
gas stove was used to 
rooms in Japan so that 
evenly heated as'the 
University of Surrey where 
in use.
indicated 
their legs 
or style. In 
that a petroleum or 
the space in all the study 
room might not be as well or 
rooms on the campus of the 
central heating systems were
with Japanese females 
with a view to keeping 
reasons of etiquette 
worth noting 
heat 
the 
s tudy
Thermal Insulating Value for Clothing Worn
In this section thermal insulating value for clothing
worn is examined with regard to the data from all subjects.
Those items tested were (1) the number of garment layers 
worn on the trunk, (2) the number of undershirts (vests) ,
(3) the feeling of warmth relative to clothing and (4) the
importance of adequacy of warmth of clothing for thermal
i
comfort (Questionnaire B, Question 3b, number 7), (see page 
90 on which the definition of this item has been described! .
For each item, the mean value, standard deviation, range
and 95% confidence interval are given in Table 7. Data
from the last two subjective factors presented in the 
table are those that were measured two hours after starting 
the experiment.
Thermal Sensation of Clothing
The mean value obtained from the feeling of warmth relative 
to the clothing worn was 4.3. This represents the "neutral” 
zone on the ASHRAE scale, with a standard deviation of 0.7.
The votes ranged from 3, slightly cool to 6, warm, but only 
five respondents voted the higher value. Thus ninety-six
per cent of the total felt neither cool nor warm in the
j
clothes they were wearing during the test period.
The mean thermal insulating value for the clothing worn 
by the whole sample was 0.73 clo with a standard deviation of 
0.15 clo and a range of 0.42 clo to 1.10 clo. The minimum value
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(0.42) amounts to 38 per cent, of the maximum value (1.10). 
It is apparent that big differences exist between 
individuals in the clothing worn to achieve thermal comfort 
These findings are supported by the results from the 
author’s previous survey (1971a) involving one hundred and 
three Japanese female students. The clothing weight 
worn by them was ascertained when they attended a lecture 
in college in winter. Of those who felt comfortable in the 
lecture theatre, some were wearing three and a half times 
the weight of clothing of others, yet all were exposed to 
the same ambient temperature. The tremendous difference 
in the amount of clothing worn to ensure thermal comfort 
is obviously an important aspect of the study 
of clothing from the viewpoint of health and hygiene.
In the present study the number of garment layers worn on 
the trunk ranged from one to four with a mean of 2.0 and a 
standard deviation of 0.9. The number of undershirts 
(vests) worn ranged from zero to two with a mean of 0.4 
and a standard deviation of 0.6. The number of garment 
layers is obviously affected by the attitude to wearing 
underwear.
The importance of clothing ensembles to provide adequate 
warmth (Questionnaire B, Q. 3b, No. 7) was considered 
between the range, least and most important factors 
relating to an ensemble. These levels of importance are
i
represented as 1 very important, to 5 (5th most 
important factor) and zero = unimportant. The mean 
value for this question = 3.2 + 1.4.
The relationship between clothing (number of layers or 
items worn) and clo value was examined by means of a i  
correlation analysis3 the results of which are in Table 8.
In all the pairs significant positive correlations were 
found, where the significance levels were all at the 0.1 
percent. As would be expected the clo value for the clothing 
worn was found to have a positive correlation with the other 
four items. Of all the combinations, the relationship between 
the number of garment layers and the clo value has the 
highest correlation coefficient (0.87). As shown in Appendix 7, 
a significant positive correlation between these two items 
(number of garment layers and clo value) was found in each of 
the six sub-groups referring to the sex, nationality and 
degree of acclimatisation variables. Critical examination 
of the data shows that it is thus possible to use the number 
of garment layers on the trunk instead of the clo value as 
a simplified criterion for evaluating the warmth of clothing 
worn.
Factors Contributing to Comfort of Clothing.
On the basis of the data from a questionnaire it was revealed 
that all the subjects felt comfortable in the clothing they 
were wearing. The degree of comfort measured ranged from +1 
to +3 on a scale running very uncomfortable (-3) to very 
comfortable (+3). j
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The factors contributing to comfort of clothing were! 
ascertained by means of a questionnaire; no. 3b of 
Questionnaire B (see Appendices 1 and 2) . A list of 
fifteen properties which could contribute to comfort 
was given, and the subject was required to tick and place 
in order the five most important factors. To analyse 
them statistically scores were given to each factor in 
accordance with their order of importance, i.e. five for th 
most important factor, four for the second, three for the 
third, two for the fourth,one for the fifth and a score 
of zero for factors which did not get marked as being in 
the five most important. Consequently the desired level 
of each factor to achieve clothing comfort is assessed 
using the six categories.
The scores obtained for several factors (see page 84 for 
combination technique) were very small so that some of 
them were represented by the sum of their scores. The 
eight resulting factors were subjected to the analysis as 
defined in the footnotes of Table 9. In Table 9 the 
mean score, standard deviation among the whole sample as 
well as those for each of the six sub-groups and F- 
ratio are given for each of the eight factors.
Combination of 15 Factors to Product 8 Factors i
The score of Factor 2 (Table 9) = (1) appropriate design, 
+(2) appropriate colour, +(3) comfort due to current 
fashion. Factor 3 (Table 9) = (1) fabric (stretch, 
softness), +(2) smooth fabric. The mean scores obtained 
for (1) costly, (2) not costly, (3) not too light and
(4) valued make were all extremely low (below 0.2) so
they were eliminated from the analysis.
Results in Table 9
From the data "adequate warmth" is obviously the most 
important factor contributing to comfort. A further 
look at Table 9 also shows the other factors in the ; 
following order of importance showed up as variables 
which students take into consideration when considering 
comfort; a comfortable fit, ease of movement, lack 
of irritability to skin, doesn't make you sweaty, 
appropriate colour or design, smooth or stretch fabric 
and not too heavy. Of these, the first three are of 
most importance; at this point it should be re-emphasised 
that the clothing worn was of a type called "classwear" 
by Seppanen, hence one would expect utilitarian rather 
than fashion criteria to be most important.
Table 9 also shows that between the subgroups in the 
sample (left hand column) for factors 1, 2 and 6 there 
are significant differences.
Closer analysis suggests these significant differences 
result from variation in the results from the Japanese 
sample compared with the rest. !
For example scores of the"appropriate design or colour" 
for both English males and females were significantly 
lower than those for Japanese males and females, whilst the 
opposite was the case for factor six "doesn't make you 
sweaty". These results indicate that clothing comfort
for the Japanese is influenced primarily by the design 
and colour of clothing,whilst the English are more 
concerned about whether or not the garment makes them 
sweaty. In addition the mean scores for the appropriate 
design or colour for the two groups of overseas students 
were significantly higher than that for English males, 
and were as high as those for Japanese males (Table 10).
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The differences resulting from nationality found in the 
factors contributing to clothing comfort are of great 
interest, but further analysis of this will be deferred 
until later.
Correlation Between Clo Values and Factors Contributing 
to Clothing Comfort
The correlation coefficients obtained between clo values 
of respondents’ clothing and their response to question 3b 
in Questionnaire B are shown in Table i^ . (n =■ 150).
Table H. Correlation Coefficients between Thermal
Insulating Value for Clothing Ensemble Worn and 
Each of Factors Contributing to Clothing Comfort
Contributing Factor Thermal Insulating Value
Adequate warmth (FI) 0.53***
Appropriate design or 
colour (F2)
0.16*
Smooth or stretch fabric (F3) 0.22**
Not too heavy (F4) -0.17*
No skin irritation (F5) 0.07 ns
Doesn't make you sweaty (F6) -0.50*** i
Ease of movement C F 7) -0.16*
Comfortable fit (F8) -0.07 ns
Degree of freedom = 148 
ns : non-significant 
* p <0. 0 5 
** p^O.Ol
*** p<0.001
"Adequate warmth", "smooth or stretch fabric" and 
"appropriate design or colour" were found to have a 1 
significant positive correlation with clo value. The
reason why the latter two factors correlate in a positive 
manner is probably a result of the high scores for these 
factors given by Japanese students who also wear clothing 
with a high clo value (see Tables 15 and 17). Factor 6, 
"doesn’t make you sweaty" and Factor 4,
"not too heavy" and Factor 7, "ease of movement" were
found to have a significantly negative correlation with
the clo value. These response patterns are those expected
if the relationships between these factors and clo.
values are valid. The relationship between "adequate warmt'h"
and the "clo value" has the highest correlation coefficient
of 0.53 (df = 148, p<(JD.001) which is worthy of notice.
The overall results obtained suggest that "adequate 
warmth" (Factor 1) may be significant in an investigation 
of comfort conditions. Accordingly this factor which, 
reflects a psychological aspect relative to clothing is 
analysed in this study, together with the other independent 
variables which are the preferred ambient temperature, 
skin fold thickness etc. To avoid any ambiguity it is 
expressed in terms of the "importance of adequacy of 
warmth of clothing for thermal comfort" instead of the 
" ad equ a t e warm th ’’.
Skin Fold Thickness of Subject
The mean value, standard deviation, range and 95% 
confidence interval obtained among all the subjects are 
shown in Table 12. I
Table 12. Skin Fold Thickness 
(n = 150)
of the Complete Sample
Skin fold thickness (mm)
Mean 11.9
Standard deviation 3.2
Range (Minimum - Maximum) 6.1 - 19.4
Confidence interval for 95% 5.6 - 18.3
These results show that striking differences were found 
between subiects. In general it is assumed that 
subcutaneous fat on women is thicker than that on men, 
and this was confirmed in this study where the mean 
skin fold thickness for women was 14.6 mm compared with 
10.6 mm for males. The significance of this variable 
in determining 'preferred temperatures' is discussed 
in a later section.
Observations on Differences in Preferred Ambient Temperatures 
and Thermal Insulating Values for Clothing According to Sex, 
Nationality and Degree of Acclimatisation
Initially this investigation was designed to find out :
(1) if any differences exist in the preferred ambient 
temperature
(2) thermal insulating values for the various clothing 
ensembles worn by subjects of different sex, 
nationality and degree of acclimatisation, and
(3) to ascertain the contribution of other factors., and 
in particular the effect of skin fold thickness of 
the subject on these two values.
The most important point of this section is to find the 
most obvious correlations which can be observed from a 
study of the crude data. Accordingly a simple statistical 
technique, Student's t-test or correlation analysis, was 
applied.
To analyse the sex or nationality difference the data from 
English and Japanese students were used and the data from 
the two groups of overseas students was used to examine 
the difference caused by the degree of acclimatisation.
Determination of any Differences in Preferred Ambient 
Temperatures According to Sex, Nationality and Degree~~of 
Acclimatisation of Subjects
The mean preferred ambient temperatures,standard deviations, 
ranges and 95% confidence intervals for the six sub-groups 
in the study are shown in Table 13.
The preferred ambient temperature is represented by the 
globe temperature. The mean ambient temperature (21.4°C) 
preferred by long residence overseas males was the 
highest, whilst that (19.9°C) for the Japanese females was the 
lowest. The difference between these values = 1.5°C.
To test whether the differences between the groups 
were statistically significant, an analysis of variance 
(one-way)was performed. The F-ratio calculated was 6.47 
(df = 5, 144, p<0.001), showing that there were 
statistically significant differences among the sub-groups 
in the preferred ambient temperatures. Subsequently 
Student's t-test was utilised to examine the differences 
between each pair of groups, and the t-values obtained 
are given in Table 14.
Among English students the females preferred a temperature 
0.1°C higher than the males, while the opposite was the 
case for the Japanese students, where the males preferred 
a temperature 0.1°C higher than the females; however, 
neither the differences were statistically significant.
In contrast to this , significant differences were found 
between English females and Japanese females (t = 3.19, 
df = 48, p<0.01), and between English males and 
Japanese males (t = 2.71, df = 48, p<0.01). The mean 
preferred ambient temperature of overseas males of 
longer residence was significantly higher(by 1.1°C) 
than that for overseas males of recent arrival (t = 3.24, 
df = 48, p <0.01) . j
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with respect to sex, nationality and degree of 
acclimatisation, the preferred ambient temperatures can 
be summarized in the following diagrams.
English males ^ ^  English females
Japanese males > Japanese females
Japanese females English females
Japanese males ^  English males
Overseas males 
of recent 
arrival
Overseas males 
of longer 
res idence
Determination of any differences in Thermal Insulating 
Values for Clothing According to Sex, Nationality and 
Degree of Acclimatisation of Subjects
The mean standard deviation, range and 95% confidence
intervals of thermal insulating values of the clothing
worn by the six groups during the survey period are
shown in Table 15. The mean clo value of the clothing
worn by Japanese males of 0.90 clo was the highest,
whilst that for English females of 0.62 clo was the
lowest. The difference between these values = 0.28 clo.
The F-ratio was calculated to be 25.95 (df = 5, 144j p<^  0.001)
by means of an analysis of variance (one-way) which shows
that the thermal insulating values for the clothing worn
to achieve thermal comfort by the various sub-groups is
significantly different.
In the same way the mean number of garment layers (3.0) 
worn on the trunk by Japanese males was the highest value 
recorded and that for English females (1.5) was the lowest 
(see Table 16). Analysis of variance (one-way) demonstrated
significant differences between the sub-groups in the 
number of garment layers worn, where the F-ratio was 
determined to be 15.51 (df = 5, 144, p^O.OOl).
To specifically test the differences between each pair 
of the groups, Student's t-tests were performed on the 
clo value of the clothing and on the number of garment 
layers. The results of the analyses are shown in tables 
17 and 18.
Significant differences were found among all but two 
pairs of sub-groups, English females and overseas males 
of longer residence, and English males and overseas males 
of recent arrival (Table 17).
The mean clo values of the clothing worn by English and 
Japanese males were significantly higher than those for 
the female counterparts, the average difference between 
the values being 0.07 clo. The t-value for the differences 
between these values is shown in table 17 as 2.61 
(df = 48, p<0.05) and 2.37 (df = 48, p<^0.05). In the 
case of sex both Japanese female and male student’s clo 
values are significantly higher than those of the English
i
students; however, the reverse is the case for the preferred
ambient temperature, where the average difference was
0.21 do. The t-value obtained for the females being 6.75
(df = 48, p<^0.001), and that for males 7.10 (df = 48, p<^0.001).
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The amount of clothing worn by Japanese students is 
remarkably high compared with that worn by the English 
students and it is a noteworthy point that the difference 
between the clo values worn by each nationality is greater 
than the differences between the sexes, i.e. 0.11 and 
5% respectively.
The mean clo value for the overseas males of recent 
arrival was significantly higher (t = 3.38, df = 48, 
p<^0.01) than that for the overseas males of longer 
residence but the opposite was the case for the preferred 
ambient temperature.
All the overseas students in this study were from localities 
which, for at least part of the year are much hotter than 
Guildford. Interviews with the longer-stay residents (over 
20 months) have shown that twenty students out of the twenty- 
five wore less clothing during this winter, which comprised 
the period of the experiment, than during their first winter 
in England. These data support the findings from the 
present survey that the clo value for the longer residents 
of overseas groups is lower than that of the recent arrivals 
This would mean that the longer residents adapted themselves 
well to the cold climate in England. It thus appears that th 
difference of the clothing habits observed between the two 
overseas groups might be due to the difference in the degree 
of physiological acclimatisation to the thermal environment.
The differences in the amount of clothing worn based upon
sex, nationality and degree of acclimatisation variables
can be summarized in the following diagrams.
English females
Japanese females
English females
English males
Overseas males 
of longer 
res idence
On the number of garment layers on the trunk, the same 
findings as those for the clo values, described above, 
were obtained except for those worn by English students 
(see Table 18). The mean garment layers worn by English 
males being greater than that worn by females; the 
difference between the two being 0.2 layers . However, 
this difference is not stastistically significant. This 
apparently contradictory data for English subjects could 
be due to the clothing habits of English people who in 
general do not wear much underwear.
The mean number of garment layers worn by English students 
was significantly lower than that worn by Japanese students 
of either sex, the average difference being 1.0. For 
overseas males of recent arrival the number of layers was 
significantly greater than the number worn by longer-term 
residents, the difference being 0.6. These results are in 
excellent agreement with those from the clo valuesiestimated
j
for the clothing worn, which demonstrates that as a
I
simplified procedure it is possible to utilize the number
English males
Japanese males
Japanese females
^  Japanese males
Overseas males 
of recent 
arrival
of garment layers on the trunk to determine the difference 
in insulating value of the clothing worn by the sub­
groups: furthermore, there is no real loss in precision 
in using this simplified technique.
In summary:
1) Among both English and Japanese students, females and' 
males prefer almost the same ambient temperature even 
though the thermal insulating value of men’s clothing is 
higher than that of the women’s.
2) English students of both sexes prefer a higher ambient 
temperature than the Japanese students and the thermal 
insulating value of clothing worn by the English students 
is lower than that for the Japanese.
3) Overseas males of longer residence prefer a higher 
ambient temperature but lower clo values than overseas 
males of recent arrival.
It is recognised that the preferred ambient temperature can 
be compensated for by a change of the clo value for the 
clothing worn and this is a common ploy to create comfort 
conditions as shown by the results relating to the.influence 
of nationality and degree of acclimatisation. However, the 
above pattern does not seem to apply to the results 
obtained for male and female students, where the clo value for 
female's ensemble is lower in spite of the same preferred 
ambient temperature, to men. These findings suggest that 
there must be another significant factor causing the sex 
difference in the comfort conditions. Skin fold thickness 
is one such factor and its effect will be considered in the 
next section.
The data from the overseas students of recent arrival 
demonstrate that in order to adapt themselves to a 
cold environment, people initially wear more clothing 
rather than attempt to increase the ambient temperature.
Contributions of Skin Fold Thickness to Preferred Ambient 
Temperatures and Thermal Insulating Values for Clothing 
Worn
i
Table 19 shows the measured values of skin fold thickness 
for all the sub-groups. The mean skin fold thickness of 
Japanese females (14.7 mm) was the thickest, that for 
English females was in second place, and that for English 
males of 10.1 mm was the thinnest.
Analysis of variance (one-way) demonstrated that there 
were statistically significant differences among the sub­
groups in the skin fold thicknesses at a level of the 
0.1 per cent (F-ratio = 16.08, df = 5, 144, p^O.OOl). 
Subsequently the differences among the sub-groups will be 
analysed based upon the t-values obtained shown in Table 20.
Significant differences were found between English females 
and English males (t = 6.13, df = 48, p<C^0.001), and 
between Japanese females and Japanese males (t = 4.54,
df = 48, p<^0.001). The skin fold among the females iwas
|
thicker than that for the males in both English and Japanese 
students, but no significant differences were found among 
the four male groups, or between English and Japanese 
females.
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The differences in the skin fold thickness among the 
sub-groups can be summarised as follows:
English males ^  English females
Japanese males ^  Japanese females
Japanese females .*— English females
Japanese males English males
Overseas males of Overseas males of
recent arrival — - longer residence
It is a widely held view that fat people feel the cold 
less than thin ones, and that a thick layer of 
subcutaneous fat exerts a thermal insulating effect 
which helps to keep the body warm. The above results 
support this view and enable us to explain the fact that, 
at the same ambient temperature, females achieve thermal 
comfort with a lower clo value than males. The smaller 
amount of clothing worn by females is apparently a 
direct consequence of their greater skin fold thickness.
The differences in the importance held by different 
sub-groups for their clothing to be adequately warm are 
laid out in Table 21.
Significant differences exist between English females 
and Japanese males, Japanese males and overseas males 
of longer residence,*and the two overseas groups.
Although the sex and nationality differences were not 
significant, it should be mentioned that in both the 
English and Japanese students the mean scores for the 
males were higher than those for the females, where those 
of the Japanese groups were both higher than those of the
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English (see table 9). The results obtained are in some 
agreement with those for clo values (Table 17) of clothing 
worn as well as the number of garment layers on the trunk 
(Table 18) by the six sub-groups in the survey.
Further analysis of the preferred ambient temperature of 
the whole sample of 150 against each of the following :
(1) the thermal insulating value for the clothing worn
(2) the number of garment layers on the trunk
(3) the skin fold thickness of the subject (Table 22)
shows significant negative correlations between the 
preferred ambient temperature and the clo values (r = - 0.66, 
df = 148, p/0.001), between preferred ambient temperature 
and the number of garment layers on the trunk (r = -0.53,
df = 148, p<1.0.001); the relationship between preferred
ambient temperature and skin fold thickness is not significant.
Table 22. Correlation Coefficients between Preferred
Ambient Temperature, Clo Values, Number of Garment
Layers and Skin Fold Thickness
■
Preferred ambient temperature
Thermal insulating value 
for the clothing worn -0.66***
Number of garment layers 
on the trunk -0.53***
Skin fold thickness -0.07 ns
Degree of freedom = 148 
ns : non-significant
*** p<^0.001
Further analysis showed that this lack of a significant 
correlation for the whole sample between preferred ambient 
temperature and the skin fold thickness held in each of 
the six sub-groups (Appendix 8). This result confirms 
the previous results reported by Wyon et al. (1968) and 
Fanger (1970). It is necessary, however, to confirm 
this using a multi-dimensional variable analysis.
Table 23 shows both the correlation coefficients calculated 
between clo values and :
(1) preferred ambient temperatures
(2) skin fold thickness, and
(3) the importance of clothing to be adequately warm
as well as the coefficients between the number of garment
layers on the trunk and each of these three factors.
Table 23. Correlation Coefficients between Thermal
Insulating Value for Clothing Worn and Each 
of Factors Including Skin Fold Thickness
Thermal
insulating value
Number of 
garment layers
Preferred ambient 
temperature
Skin fold thickness
The importance of 
clothing to be 
adequately warm
-0.66*** 
-0.23**
0.53***
-0.53*** 
— 0 2 9 * * *
0.56***
Degree of freedom = 148 
** p^O.Ol
*** p<0.001
All relationships were found to be significant; however,
!
of these the most interesting are the significant negative 
correlations between skin fold thickness and the dependant
variables,thermal insulating value of clothing and number 
of garment layers worn. These results confirm the validity 
of the relationship between the variables tested in Table 
23 and support the previous findings of Okukubo (1971a 
and 1971b) when she found that the skin fold thickness was 
found to have a significant negative correlation with the 
clothing amount.
As shown in Appendices 8 and 9 correlation analyses 
performed for each sub-group indicated that, apart from 
a few cases, the same relationships held for the sample 
as a whole. The exceptions could be due to the small samples 
constituting some of the sub-groups.
From the results it is revealed that the preferred clothing 
worn, which, in turn, is affected by the ambient temperature 
is affected by the amount of skin fold thickness and the 
degree of comfort afforded by the clothing. It is 
apparent that there are differences in the preferred ambient 
temperatures and the clo values of clothing for individuals 
and it is necessary to consider this point further.
i
The results obtained in this section are therefore examined
j
in the following sections where the quantification theory 
will be applied for the analysis.
Effects of Several Factors on Preferred Ambient Temperature
The purpose of this section is to examine the effects of 
sex, nationality and degree of acclimatisation upon the 
preferred ambient temperature.
The Hayashi'stheory of quantification, type I (Hayashi 1952 
and 1961, and Mizuno and Miyake 1977) was applied for 
the analysis. In this the outside variable is the 
preferred ambient temperature, i.e. globe temperature.
The reason behind carrying out quantification analysis is 
to give a weighted numerical value to the various 
factors which influence the outside variable. Thus the 
quantification theory enables sex, nationality and degree 
of acclimatisation, which are non-numerical, to be 
represented in the analysis, together with such numerical 
factors as the thermal insulating value for the clothing 
and the skin fold thickness of subject. In this method an 
estimated weight value for a parameter (category) indicates 
the magnitude by which it influences an ’outside variable’. 
For example, if the sign is positive its influence increases, 
whilst the reverse occurs when it is negative.
Results Obtained by Analyses Based on the Quantification
Theory
The first investigation was an analysis of the data from 
English female and male students (25 of each sex) and 
Japanese female and male students (25 of each sex). The 
factors considered in this analysis are(Il) the thermal 
insulating value for the clothing worn (six categories),
(12) the skin fold thickness of each subject (four 
categories), (13) the sex (two categories; female and male), 
and--(14) the nationality (two categories; English and 
Japanese). Table 24 shows the weight values estimated for 
each factor in each category, the partial correlation 
coefficients computed between the preferred ambient temperature 
and each of the four factors, a multiple correlation 
coefficient and the frequencies of subjects belonging to 
each category. The multiple correlation coefficient 
between the preferred ambient temperatures, and the 
estimated temperature was determined by adding the sum 
of the weight values for each category to the mean temperature 
obtained for all the subjects (n = 100). The high mutiple 
correlation coefficient value (0.75) suggests that there is 
some relationship between the variables under consideration. 
Significant partial correlations with the exception of sex 
also suggest this relationship. It is noteworthy however, 
that skin fold thickness has a correlation with the preferred 
ambient temperature at a high significance level of the 0.1 
per cent (r = 0.44, df = 96, p<^0.001), the importance being 
that no relationship between these variables was found using
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a bivariate correlation analysis (see Table 22 and 
Appendix 8). The partial correlation coefficient computed 
as 0.44 between the preferred ambient temperature and the 
skin fold thickness represents the relationship between 
these variables where the other three factors are controlled.
On the basis of the partial correlation coefficients and
the weight values estimated the following conclusions are
drawn. The greater the clo value and the skin fold
thickness of each individual, the lower the preferred
ambient temperature. Estimating preferred ambient temperatures
corresponding to clo values and skin fold'thickness is
carried out in a later section.
The ambient temperature preferred by the English is lower
than that preferred by the Japanese; the difference being
0.88°C between these values. This is derived from the
weighted value given to the nationality categories (Table 24)
(r = 0.34, df = 9 6, p<Co.001). No differences were found 
P
in the ambient temperatures preferred by male and female 
students.
Table 25 contains the results of analysis of data relating to 
overseas male students of recent arrival and those of longer 
residence (25 of each group). The factors concerned in this 
analysis are (II) the thermal insulating value for the clothing 
worn (four categories), (12) the skin fold thickness of the 
subject (three categories), and (13) the degree of acclimatisation 
(two categories; the recent arrivals and longer residents).
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The multiple correlation coefficient (0.77) is as high 
as that for the previous analysis. Effects of clo value 
and skin fold thickness on preferred ambient temperatures 
are similar to those obtained from the English and 
Japanese students (Table 24). However, no difference was fou 
between the ambient temperatures preferred by the two 
groups of overseas students.
A final analysis was then carried out, but in this case
the number of garment layers worn on the trunk was
substituted for the clo value factor. No table is
presented to relate the results of this final analysis;
however the multiple correlation coefficients of 0.62
and 0.61 respectively show that clo values and numbers
of garments worn are synonymous. The remainder of the
results were similar showing a relationship between
$
preferred ambient temperature and each of the other factors.
The results of the analyses in this section (Tables 24 
and 25) show which factors have the greatest influence 
on preferred ambient temperatures of each individual.
However, it is thought that further studies should be 
carried out in order to define the sphere of influence of 
each factor more carefully.
Summary and Discussion of the Results
Summary of factors affecting preferred ambient temperatures:
1) With increasing thermal insulating value of clothing 
worn the preferred ambient temperature falls.
2) Preferred ambient temperature became lower with I 
increasing skin fold thickness.
3) No difference was seen between the ambient temperatures 
preferred by male and female students.
4} Ambient temperature preferred by English students was 
lower than that preferred by the Japanese
5) No difference was seen between the ambient temperatures 
preferred by overseas males of recent arrival and those 
of longer residence.
It is interesting to note that some of the above results 
differ from those concerned with effects of the skin fold 
thickness, nationality and the degree of acclimatisation 
of overseas students determined in the previous section.
In the previous section the results were analysed using 
Student's t-test which considers each pair of variables 
in isolation. However, this present analysis reveals 
values for the variables in relation to the other factors
which are known to be important in determining preferred
j
ambient temperatures. I
Discuss ion
Clothing Worn and Preferred Ambient Temperature 
A significant negative correlation between clo values and 
preferred ambient temperature was determined in both 
analyses (Tables 22, 24 and 25). This supports the results 
of Winslow and Herrington (1949a) , Fanger (1967 and 1970),
Rohles et al. (1973) and Humphreys (1976).
i
Of the factors which influence preferred ambient 
temperature clo value shows the greatest effect. In a 
later section a further analysis will be carried out to 
establish the extent of the relations between the two 
variables.
Skin Fold Thickness and Preferred Ambient Temperature 
There exists a popular opinion that obese persons prefer a 
cooler environment than persons of slighter build, but 
no literature has been found to support this (Wyon et al. 
1968) and Fanger (1970). Results of correlation analysis 
of the data collected in this study again suggest 
no relationship exists between these variables (Table 22 
and Appendix 8). However, it should be noticed that 
with this type of analysis only the effect of skin fold 
thickness upon the preferred ambient temperatures is ! 
considered whilst in fact its effects could be influenced 
by other factors. The application of Hayashi's theory 
to the data, which in fact considers all variables, shows 
that there is a significant negative correlation between 
the two variables in the case of the English, Japanese and 
overseas students without exception (Tables 24 and 25) .
This result demonstrates that this statistical technique 
of partial correlation analysis, represents a more powerful 
tool than a bivariate correlation analysis for analysing 
the actual relationship between various factors.
It thus appears, in contrast to the views of Wyon et al.
(1968 )and Fanger (1970), that people with a thick skin fold 
prefer a lower ambient temperature if their clothing 
value is held constant, compared with those with thin skin 
folds (Table 24,25). This result seems to be reasonable 
because of the good insulating efficiency of the fat tissue 
under the skin.
Sex and Preferred Ambient Temperature
The difference in preferred ambient temperatures of the 
different sexes has been studied by quite a few workers.
Some of these observed that females prefer a higher 
temperature, some that males prefer a higher temperature 
and some showed no difference.
In this study no difference was found between the ambient 
temperatures preferred by female or male students both when 
analysed using the bivariate (Tablesl3 and 14) and the 
partial coefficient (Tables 24 and 25) techniques. Thus, 
results from this present study support those reported by: 
Fanger (1973), in which college-age Americans, and college- 
age and elderly Danes were tested; by Ogawa et al. (197.5) 
for the Japanese students; and by Hickish (1955) using Engli 
workers engaged in light industry. On the other hand, 
Fishman and Pimbert (1978a) reported that female workers 
preferred a temperature 0.3°C lower than males, whilst the 
opposite was observed by Miura (1968), and by Yoshida (1978) 
who reported that female workers preferred a temperature 
approximately 0.5°C higher than the males.
Nationality and Preferred Ambient Temperature 
Bivariate analysis (Tables 13 and 14) showed that English 
students prefer higher ambient temperatures than their 
Japanese counterparts; however, the quantification theory 
(Table 24) showed the opposite, i.e., the ambient temperature 
preferred by Japanese students is higher than that for 
their English counterparts when the clo values for their 
clothing is kept constant. The clothing worn by the Japanese 
being both thicker and having more layers than that worn 
by the English tends to support this view.
The theory "that differences in clothing habits among 
nationalities is the most significant factor in causing 
differences in their preferred ambient temperatures" 
stated by Yaglou and Drinker (1928) and Fanger (1970) 
also supports the findings obtained in the present study.
The reason why the Japanese prefer a higher indoor temperature 
compared with the English may be explained by differences 
in space heating systems, house design and building materials. 
Because of this, the study rooms in the Japanese survey were 
not so comfortable as those in the English survey, and 
require a higher indoor temperature to make them comfortable.
I
Degree of Acclimatisation of Overseas Students and Preferred- c> .  -_____—  ____ ________ _ _____________
Ambient Temperature
Fanger (1972 and 1973) carried out extensive investigations 
in an attempt to clarify whether acclimatisation influences 
preferred ambient temperatures; his results showed that no 
differences were found.
In this study the influence of acclimatisation upon 
preferred ambient temperatures was also investigated. 
Results showed that recent arrivals preferred lower 
temperatures than the longer residents (Tables 13 and 14). 
This seemed to be related to their clothing as recent 
arrivals wore more clothing than their long stay counter­
parts. However, the quantification theory demonstrated 
that in fact there was no difference between the preferred 
ambient temperatures of the two groups if clothing levels 
were kept constant (Table 25).
This finding supports the observations of Fanger (1972 
and 1973) , who in fact carried out his experiments with 
both groups of subjects wearing uniforms with identical 
clo values.
Effects of Sex, Nationality and Degree of Acclimatisation
on Clothing
The effects of sex, nationality and degree of acclimatisation 
on clothing levels required for thermal comfort were 
investigated in an attempt to clarify why different 
individuals wear clothing with different clo values.
The Hayashi's theory of quantification, type I (Hayashi 
1952 and 1961, and Mizuno and Miyake 1977), was applied 
to the data using clo values as the outside variable.
Results Obtained by Means of Analyses Based on the 
Quantification Theory
The first investigation was an analysis of the data from 
the English female and male students (25 of each sex) 
and the Japanese female and male students (25 of each sex). 
The factors concerned were : (II) the preferred ambient 
temperature (five categories) , (12) the skin fold 
thickness of the subject (four categories) ,(13) the level 
of clothing required for adequate warmth (five categories), 
(14) sex (two categories; female and male), and (15) 
nationality (two categories; English and Japanese). 1
The weighted values, partial correlation coefficients, 
the multiple correlation coefficients and frequency of 
subjects in each category are given in Table 26.
The multiple correlation coefficient was computed between 
clo values of ensembles actually worn by subjects and 
estimated clo values calculated by adding the sum of the 
weighted values for each category to the mean clo value 
of all the subjects in the survey (n = 100).
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The value obtained (0.92) for the multiple correlation 
coefficient is greater than the value for the same 
coefficient (0.75) in the same type of analysis when the 
outside variable was the preferred ambient temperature 
and there were only four factors (see Table 24). The 
difference in this value could be attributable to the 
increase in factors from four to five.
From this analysis (Table 26) it is apparent that 
differences of clo values of different individuals in 
the survey can be explained by the five factors listed.
These conclusions are drawn from the partial correlation co­
efficients after adding the weighted values estimated for 
each category within each factor. Results show that the 
higher the preferred ambient temperature and the bigger 
the skin fold thickness, the lower the clo value required 
for comfort. However, the clo value was found to increase 
as individuals wanted to be warmer, so they put on more 
clothes to stave off the cold. A significantly lower clo 
value was recorded for English students than was recorded 
for Japanese students. (rp = 0.80, df = 95, p<0.001). The 
difference in the values is 0.17 clo, which is derived 
from the weighted value given to the categories in 
nationality factor. No difference was found between the 
clo values of male and female students.
!
|
A similar analysis was also performed on the data from the 
two overseas student groups (25 of each group). The 
factors considered in this were : (II) the preferred
ambient temperature (four categories), (12) the skin 
fold thickness of subjects (three categories), (13) 
the importance of adequate warmth of clothing (five 
categories) and (14) the degree of acclimatisation (two 
categories, the recent arrivals and the longer residents). 
Table 27 gives the results obtained from the analysis.
Both the multiple correlation coefficient determined to be 
0.84 was as high as that from the previous analysis on 
the English and Japanese students (Table 26). The partial 
correlation coefficients determined for the relationship 
between clo values, preferred ambient temperatureskin 
fold thickness and adequacy of clothing for warmth were 
all quite similar to those from the previous analysis 
(Table 26). No difference was found between the clo 
values for the clothing worn by the two groups of the 
overseas students.
Finally a further analysis was carried out where the 
outside variable was the number of garment layers worn 
on the trunk instead of clo values. The multiple 
correlation coefficients were calculated as 0.82 and 
0.83 which are the same as the value computed when clo 
values were the outside variable (Table 27). In addition 
similar results were obtained for the relationship between 
the number of garment layers and each of the factors 
listed in Table 27 when the clo value was the outside 
variable.
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The conclusions drawn from these analyses are that the 
reasons why different individuals wear ensembles of 
different clo values and differing numbers of layers of 
garments on the trunk region are related to :
(1) preferred ambient temperature 
f2) skin fold thickness of the subject
(3) adequacy of clothing for warmth
(4) sex
(5) nationality
(6) degree of acclimatisation
Summary and Discussion of the Results 
Factors affecting clo values :
1) Clo value decreases with rising preferred ambient 
temperature.
2) Clo value decreases with increasing skin fold thicknes 
of subject.
3) Clo value increases as the level of warmth required 
of clothing increases.
4) No difference was seen between the clo values of:male 
and female dress ensembles
5) Clo values of English student dress was lower than 
that for Japanese student dress
6) No difference was seen between the clo values of the 
dress of overseas males of recent arrival and those of 
longer residence. i
It will be recognised that the results obtained by means 
of the quantification theory differ from those derived 
from bivariate analysis on page 103, e.g. the relationship 
between sexes and the relationship between the two groups 
of the overseas students. Discussion will include the
results of bivariate and quantification analyses as well 
as those of other workers in this field.
Discussion
Preferred Ambient Temperature and Clothing
The factor which most influences preferred ambient temperature 
is the clo value of an individual's dress ensemble. However, 
the negative correlation between these factors is also 
influenced by skin fold thickness which appears to be thought 
of as an additional layer of clothing because of the 
insulating properties of a layer of subcutaneous fat. As skin 
fold thickness increases the number of layers of clothing or 
the clo value of dress tends to decrease (Table 23).
One possible reason for this is deduced from Okukubo's previous 
work (1971a and 1971b) in which she found that comfortable 
skin temperatures on the trunks of female students were lower 
in those subjects who had thicker skin folds than those with 
thinner skin folds. This interesting finding may also 
account for the difference in clo values worn by male and 
female students surveyed in this study and the difference in 
clo values of male and female Japanese people (n = 3,500)
reported by Hanada (1976) because marked differencesjin the skin
!
fold thickness also exists between males and females i(Table 19) .
The differences between the clo values of Japanese dress 
ensembles (Tables 15, 17 and 26) and those of English 
students is, however, not so easily explained. It appears 
that to achieve thermal comfort at a given temperature the 
Japanese wear clothes which have a greater thermal 
insulating value than those worn by the English: this
usually being achieved by Japanese people wearing more 
underclothing than the English. This difference may ; 
result from the less effective way the Japanese heat their 
homes compared with the English, which means that they 
habitually dress more warmly.
In practice it was found that the clo value of dress 
ensembles of overseas male students of recent arrival was 
higher than that for those of longer residence (Tables 
15 and 17). However, analysis using the quantification 
theory showed that when all the other factors influencing 
clo values were controlled no difference between clo 
values and number of garment layers worn on the trunk 
exists between the two groups of overseas students.
The results from the present study provide evidence that 
man, when he is not acclimatised to cold ambient temperatures, 
adapts to this cooler environment by wearing more clothing 
rather than trying to increase the indoor ambient temperature. 
The importance of clothing providing adequate warmth for 
such groups (overseas males and Japanese males and females) 
is demonstrated by high values for these groups in Table 9.
Skin Fold Thickness and Clothing Worn
The skin fold thickness of the subject was found to have a 
negative correlation with the clo value for the clothing worn 
in either practical terms (Table 23) or the case of holding the 
other factors controlled (Tables 26 and 27). The response 
pattern is that expected if a relationship exists between them. 
As the skin fold thickness of the subject decreases, higher
clo values are required to maintain comfort conditions.
The author’s previous study (1971a) supports the results 
from the present study in showing that a significant 
negative relationship was obtained between the two 
variables. Why females with a thicker skin fold wore less 
clothing in order to achieve thermal comfort was clarified ■ 
from the following findings: The comfortable temperature
of the trunk inside clothing was lower in females with a 
thicker skin fold than in those with a thinner skin fold, 
and that the latter felt cold at a temperature where the 
former felt comfortable (Okukubo 1971b).
Estimating the clo value for the clothing worn corresponding 
to the skin fold thickness is carried out in a later section
The Level of Clothing Required for Adequate Warmth 
As would be expected the desired level of warmth to achieve 
clothing comfort was found to have a positive correlation
with the clo value for the clothing worn by means of the
j
quantification theory (Tables 26 and 27). This is quite 
in agreement with the figure in practical terms (Tables 8 
and 23). As the desired level of warmth increases, clothing 
with a greater clo value should be worn. It becomes clear 
that a psychological factor has an effect upon the 
clothing habits of the individual and this is one of the 
interesting results of the present study.
i
Sex and Clothing Worn !
An extensive survey involving about 3,500 Japanese people
who were chosen at random from the whole country, indicated 
that the clothing weight worn by men to achieve thermal 
comfort in their daily life was greater than that for 
women throughout the seasons, and through each age group 
(Hanada 1976).
In practical terms, the clo values for the clothing worn 
by males were higher than those for females in both the 
English and Japanese (Tables 15 and 17). These findings 
are in agreement with the figures from the Japanese survey 
mentioned above. However, the quantification theory showed 
no significant difference between them (Table 26). The sex 
difference in the clothing worn observed in practical terms 
disappeared when the other factors were controlled.
Thus, it is concluded that if the skin fold thickness and 
the desired level of warmth to achieve clothing comfort be 
kept constant, no difference is seen between the clothing 
worn by the female and male in order to achieve thermal 
comfort at the same ambient temperature.
The sex difference observed in practical terms might be 
mainly due to the fact that the females' skin fold was 
considerably thicker than the males' , so that insulation 
efficiency of the fat tissue under the skin was the significant 
factor.
Nationality and Clothing Worn
In practical terms, the clo values for clothing worn by 
Japanese students were higher than those for the English 
in both the female and male (Tables 15 and 17). These 
figures corresponded to those from the quantification
theory (Table 26), and also similar findings to those 
were obtained in the number of garment layers worn on the 
trunk.
This means that for the Japanese it is necessary to wear 
clothing having a greater thermal insulation than the 
English to achieve thermal comfort at the same ambient 
temperature. In this connection, it has been revealed 
that a higher ambient temperature was preferred by the 
Japanese than the English at the same clo value for the 
clothing worn by them (page ).
The reason why there is this difference resulting from 
the nationality is not easily explained, but it may depend 
mainly upon cultural differences in clothing habits.
Japanese people have a custom of wearing underwear throughout 
the year regardless of sex or age group.
To sum up, it is interpreted that Japanese people create 
their conditions of comfort by wearing clothing with a 
higher insulation, while the English do so by increasing 
the temperature of their rooms. Further studies would be 
necessary to find the reasons for this, particularly as it 
seems that the English have only comparatively recently 
stopped wearing thicker clothes in the winter.
Degree of Acclimatisation of Overseas Students and Clothing 
Worn
The clo value for the clothing worn by the overseas males of 
recent arrival was higher than that for those of longer 
residence (Tables 15 and 17). As in the case of sex
difference, the quantification theory showed no difference 
when the other factors were controlled (Table 27). The 
same is true of the number of garment layers worn on the 
trunk.
From this it is concluded that if the skin fold thickness 
and the desired level of warmth to achieve clothing comfort ■ 
are kept constant, it is possible to achieve thermal comfort 
with almost the same clothing worn by the two overseas 
groups, the recent arrivals and the longer residents, at 
the same ambient temperature. In this connection, no 
difference was found between the ambient temperatures preferred 
by the two overseas groups with the identical clo value for 
the clothing worn by them when the skin fold thickness was 
controlled (page 118).
The results from the present study offer interesting 
evidence for creating comfort conditions for man. As a 
means of adapting themselves to a cold environment,people 
initially wear clothing with greater thermal insulating 
value rather than by raising the ambient temperature.
The findings from the desired level of warmth to achieve 
clothing comfort support the evidence, i.e. recent arrivals 
desired a significantly higher temperature than did the 
longer residents. !
Thermal Comfort Conditions in Ambient Temperature Relating
to Clothing Worn
The aim of this section is to establish the ambient 
temperature for thermal comfort whilst taking into consideration 
thermal insulating values of clothing and the effects of skin 
fold thickness.
Estimating the Preferred Ambient Temperature Corresponding 
to Thermal Insulating Value for Clothing Worn
The graph (Figure 1) shows the relationship between
preferred ambient temperature and the clo values of the
dress ensembles of the three groups, Japanese, English and
overseas students in this study. To distinguish them
apart, the blackened dots represent the English students,
half blackened dots represent the Japanese and white dots
the overseas students. N = 50 for each group because males
and females on recent arrival and longer resident were
respectively combined. This amalgamation of groups is possible
because neither sex nor degree of acclimatisation has, any effect
upon the preferred ambient temperatures.
Before plotting Figure 1 the data was also transformed using 
the following method, e.g. the ambient temperature preferred by 
Japanese students who wore clothing with a clo value of 0.65 
was calculated as follows : According to Table 24 a weighted
value of 1.17°C is given to the 0.65 clo value category.
From this the preferred ambient temperature of all English and 
Japanese students dressed in 0.65 clo is calculated as 
21.58°C by adding the weighted value of 1.1'7°C to the mean 
value of 20.41°C. (see Table 13). Also as the weighted 
value of 0.44°C was determined for the Japanese category 
listed under the ’nationality factor' the ambient temperature
Pr
eT
er
re
d 
am
bi
en
t 
t
e
m
p
e
r
a
t
u
r
e
Figure 1. Relationship between Preferred Ambient Temperature 
and Thermal Insulating1 Value Tor Clothing Worn
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for the Japanese was determined by adding 0.44°C to the 
mean value of 21.58°C which equals 22.02°C. For the 
English students a preferred ambient temperature of 21.14°C was 
obtained for a clo value of 0.65 because the weighted value 
of -0.44°C is subtracted from the mean value 21.58°C. A 
fixed value of 12.65'mm (the mean of English and Japanese 
skin fold thickness value, Table 19) were also held. The 
graphs were then plotted according to the lines of best fit.
According to the graphs preferred ambient temperatures 
corresponding to 0.5, 0.75 andl.00 clo are 22.4, 20.1 and 
18.3°C respectively for the English and 23.3, 21.0 and 19.2°C 
respectively for Japanese students, the latter preferring a 
higher temperature than the former with the difference of 
0.9°C.
The values for the overseas students were plotted based 
upon the results given in Table 25, where the preferred 
ambient temperatures were adjusted by subtracting 0.4°C 
from the skin fold thickness of 12.65 mm, since the mean 
of skin fold thickness of the overseas students was 
10.50 mm (see Table 19). This adjusting value (0.4°C) 
was derived from a regression equation for predicting the 
preferred ambient temperature from the skin fold thickness.
The method by which this was determined is described below.
The mean preferred ambient temperature of overseas students 
(20.80°C) had the weighted value of 0.37°C added to it i
(determined from 0.65 clo category) which equalled 21.17°C.
The adjusting value 0.4°C was then subtracted from this
figure to give a value of 20.77°C.
Estimating the Preferred Ambient Temperature Corresponding 
to Skin Fold Thickness
The preferred ambient temperatures calculated for 
individuals with given skin fold thicknesses based upon 
the results in Table 24, are plotted in Figure 2.
The regression equation for predicting the preferred 
ambient temperature from the skin fold thickness whilst 
holding the clo value constant was taken from the results 
given in Table 24 by combining the results of English and 
Japanese students. This is shown below :
Y = -0.185 X + 22.769
where Y = the preferred ambient temperature
and X = the skin fold thickness.
From the equation it can be seen that for a decrease of
0.56°C in ambient temperature there needs to be an increase
of 3 mm in the skin fold thickness to maintain thermal 
comfort.
Estimating Clo Values According to Skin Fold Thickness 
The additional investigation was conducted in order to 
estimate the clo value from skin fold thickness. The 
graph (Figure 3) which shows the relationship between these 
variables was plotted from data in Table 26. It enables 
the prediction of clo value from the skin fold thickness 
whilst holding the preferred ambient temperature and the 
importance of adequacy of clothing for warmth constant.
The equation is shown below :
Y = . -0.0154 X + 0.9533
where Y = the clo value for the clothing worn
and X = the skin fold thickness. i
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Figure 2, Relationship between Preferred Ambient
Temperature and Skin Fold Thickness
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From the equation it can be seen that a decrease of 0.046 
clo value compares with an increase in skin fold thickness 
of 3 mm.
Discussion of the Results Obtained
Several papers have been published which relate preferred 
ambient temperature to thermal insulating value of clothing.' 
The most important results of these studies (Winslow and 
Herrington 1949a, Fanger 1967 and 1970 and Humphreys 1976) 
are laid out together with those of this study in Table 28. 
The metabolic rates of subjects and the physical parameters, 
air velocity and relative humidity in these studies compare 
favourably, which makes cross examination of values of 
ambient temperature and values possible.
The ambient temperature for a clo value of one has been 
determined as 18.3°C for English and overseas students 
and 19.2°for Japanese students. These values fall 2.7°C 
and 1.8°C respectively below the values predicted by 
Winslow and Herrington (1949a) and 4.7°and 3.8°C respectively 
below the values predicted by Fanger and Humphreys.
The results of this study are also in disagreement with
j
those of Ogawa et al. (1975) who found a preferred 
temperature of 24.5°C for an air velocity of less than
_ i
0.2 m sec , and a clo value of 1.4.
On the other hand, McIntyre and Griffiths (1975) have 
revealed that the mean Bedford vote of 3.8 is measured for 
resting subjects at 19°C with air velocity less than 0.1
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metre per second and a clothing insulation of 0.75. I The 
ambient temperature for a clo value of 0.75 is therefore 
lower than the values found in this study for English 
and overseas students (20°C) and the Japanese students 
(22°C) (Figure 1) .
Leith (1979) in her field study also observed an 
acceptable temperature of around 19°C (globe temperature) 
for students of the University of Surrey. Although clo 
values of dress ensembles of students in their study 
rooms were not actually determined, there is no doubt 
that they would have been considerably lower than the 1.67 
clo which would be the value derived from Fanger's equation 
for 19°C. This suggests that Fanger's values, derived from 
his laboratory based experimental model, are too high.
Thus, the values of preferred ambient temperature determined 
for English and overseas students, and Japanese students in 
this study tend to confirm the work of McIntyre and Griffiths
(1975) whilst disagreeing with the work of Winslow and 
Herrington (1949a), Fanger (1967 and 1970) and Humphreys
(1976). These findings suggest that there may be some 
difference in values obtained by direct study of human 
beings and those estimated from a generalised equation.
One of the reasons for these differences could be due 
to effects of the other human variables concerned with a 
feeling for the preferred ambient temperatures which are 
not represented in that equation. For example, skin fold 
thickness of a subject, which clearly has an influence on 
thermal comfort has been ignored in the other studies.
In addition, the efficiency of thermal insulation ofj 
clothing is affected by the permeability of the fabric 
to water vapour as well as its snugness of fit (Rohles 
et al. 1973 and Nishi and Gagge 1970). This means 
that evaporative heat loss must require a modification 
to the equation used by Fanger (Nishi and Gagge 1970).
It is obvious that further studies should be carried out 
in order to determine :
(1) the influence of these factors
(2) the level of clothing necessary to create comfort 
conditions at any given ambient temperature.
It is also interesting that clothing habits have been 
changing in recent years which probably reflects 
psychological rather than physiological factors influencing 
dress.
CHAPTER 6
CONCLUSIONS
1. Remarkable differences in the ambient temperatures 
chosen by students for their study rooms as well as the 
clothing worn by them to achieve thermal comfort were 
found among subjects in the study. These findings 
support those of Fanger (1970), Rohles and Nevins (1971) , 
Humphreys (1975) and Fishman and Pimbert (1978a).
The mean ambient temperature (globe temperature) for the 
whole sample was determined to be 20.5 °C with a range 
from 17.9 to 24.2°C, and 95% confidence interval from 
18.0 to 23.0 °C, where the mean thermal sensation value 
of students in their rooms was 4.0 corresponding on the 
Bedford scale to "comfortable". The mean thermal 
insulating value (clo value) for the clothing worn was 
0.73 clo with a range from 0.42 to 1.10 clo, and 95%) 
confidence interval being 0.44 to 1.03 clo. The mean 
number of garment layers worn on the trunk was 2.0 ranging 
from 1 to 4.
2. The effects of several factors on the preferred ambient 
temperatures were investigated, by means of the quantification 
theory, type I, developed by Hayashi. The factors concerned
i
with the analysis were:
j
(1) clo values of dress ensembles I
(2) skin fold thickness of subjects
(3) s ex
(4) nationality, and j
(5) degree of acclimatisation.
(a) Increasing clo values and skin fold thickness was 
reflected by a depression of preferred ambient 
temperatures.
(b) No differences in the preferred ambient temperatures 
were seen between male and female students, and 
between the overseas males of recent arrival and 
those of longer residence.
(c) Japanese students prefer a higher ambient temperature 
than English students when other factors are kept 
constant.
3 . The effects On clo values of :
CD preferred ambient temperature
(D skin fold thickness of subjects
(3) importance attached to clothing to prov ide warmth
(4) sex
(5) nationality, and
(6) degree of acclimatis ation
investigated by means of the quantification theory showed
(a) Increas ing preferred ambient temperatur es and skin
fold thickness was reflected by a reduc tion of clo
values.
(b) Increasing clo values reflect greater importance on 
achieving the desired thermal comfort with clothing. 
No differences in clo values were seen between male 
and female students, and between the two overseas 
groups, the recent arrivals and the longer residents.
(c) A difference was seen between the clo values of 
English and Japanese students, i.e. the clothing 
worn by the Japanese tended to be warmer than those 
worn by the English when other factors were held 
cons tant.
4. High multiple correlation coefficients obtained using 
Hayashi's quantification theory, demonstrated that 
individual differences in the preferred ambient temperatures 
were considerably influenced by
(1) Clo values
(2) Skin fold thickness
(3) Sex
(4) Nationality
(5) Degree of acclimatisation
5. High multiple correlation coefficients obtained using 
Hayashi's quantification theory demonstrated that individual 
differences in the clo value were considerably influenced
by
(1) Preferred ambient tempera
(2) Skin fold thickness
(3) Importance of clothing to
(4) Sex
(5) Nationality
(6) Degree of acclimatisation
6. Interesting evidence from the present study, using 
Hayshi’s quantification theory, suggests that the skin
fold thickness of subjects has an influence upon the 
preferred ambient temperature which is not in agreement 
with the results obtained by Wyon et al. (1968) and by 
Fanger (1970).
7. Student's t-test analysis of the data collected in 
this survey has shown :
(1) In the case of both English and Japanese students,
both males and females prefer almost the same ambient
temperature; however, men tend to wear more clothing 
than females,i.e. the clo value and the number of 
garment layers on the trunk.
(2) Both English males and females prefer a higher ambient 
temperature than their Japanese counterparts.
(3) Japanese students tend to wear more clothing than 
their English counterparts.
(4) Overseas males of longer residence prefer a higher 
ambient temperature than those of recent arrival.
(5) Overseas males of recent arrival tend to wear clothing
with a greater clo value than overseas males of 
longer residence.
8. The results of Student's t-test differ from those of 
the quantification theory in that :
(1) The significant difference in the clothing levels of 
males and females seen using student's t-test proved 
not to be significant in Hayashi's test. It appears 
the difference between the sexes in the first test 
might be due to the fact that females' skin fold is
thicker than that of males.
(2) The significantly higher ambient temperatures 
preferred by English compared with Japanese shown 
by the bivariate test proves to be completely 
reversed using Hayashi’s test. It is therefore 
concluded that in order to achieve thermal comfort 
Japanese wear more clothes than the English if 
ambient temperatures are identical or they require 
a higher ambient temperature than the English, when
the clothing levels are the same. These results could* 
be due to difference in clothing habits, space heating 
systems and building structures in the two countries.
(3) The difference between the two overseas groups, the 
recent arrivals and longer residents, observed using 
Student's t-test were shown not to exist when using 
Hayashi's test. From the evidence it is revealed 
that overseas students, on arrival in England, wear 
more clothing having a greater thermal insulating value 
rather than regulating the ambient temperature to 
achieve thermal comfort. The difference in the1 
importance of clothes needed to be warm between
these two groups support this.
9. Finally, on the basis of the results obtained b y ;means 
of the quantification theory, the ambient temperature for 
creating comfort conditions at given clo values were
established for English and Japanese students. (Skin fold
|
thickness being fixed in 12.65 mm). j
These are :
Preferred ambient temperatures corresponding to 0.50,
0.75 and 1.00 clo were obtained respectively as 22.4, 20.1 
and 18.3°C for the English students and as 23.3, 21.0 
and 19.2°C for Japanese students where the latter preferred 
a higher ambient temperature (0.9°C) than the former.
Identical temperatures to the English were predicted for 
overseas male students when data was adjusted for skin 
fold thickness (12.65 mm).
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APPENDIX 1. Questionnaires used in the survey in England.
WOULD YOU PLEASE COMPLETE QUESTIONNAIRE 'A' 
AFTER 1 HOUR AND QUESTIONNAIRE 'B' AFTER 2 
HOURS FROM THE TIME YOU SAT DOWN TO READ OR 
STUDY.
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Outerwear
01. Jeans 02. Trousers 03. Skirt (thin) 04. Skirt (thick)
10. Short sleeve shirt or blouse (thin)
11.-. Short sleeve shirt or blouse (thick)
12. Long sleeve shirt or blouse (thin)
13. Long sleeve shirt or blouse (thick)
14. Sweat shirt (short sleeve) 15. Sweat shirt (long sleeve)
16. T-shirt (short sleeve)
20. Sweater - sleeveless (thin) 21. Sweater - sleeveless (thick)
22. Sweater - longsleeve (thin) 23. Sweater - longsleeve (thick)
24. Cardigan - longsleeve (thin) 25. Cardigan - long sleeve (thick) 
26. Jacket (thin) 27. Jacket (thick)
30. Dress - longsleeve (thin) 31. Dress - longsleeve (thick)
32. Pinafore dress - no sleeve (thin)
33. Pinafore dress - no sleeve (thick)
99. Any other clothes __________________________
4. In the clothes you are wearing now are you:
, --- —• - - ------ .
Hot
Warm
Slightly warm
Neutral (just nice)
Slightly cool
Cool
Cold
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Much too warm
Too warm
Comfortably warm
Comfortable
Comfortably cool
Too cool
Much too cool
Is there any specific part of your body which is 
physically uncomfortable due to temperature 
differences, air movement (draughts), or relative 
humidity, radiation?
1. Yes 2. No.
If YES - which part/s is i.e..feet.are.cold... . 
uncomfortable (be very 
specific). How is the
discomfort felt i.e. .......................
cold, warm, etc.
During the time you have been sitting in your room 
and have been recording thermal conditions:
Please tich
Have you altered Opened  1
the window?    i
Closed   !
Left unchanged
Have you adjusted Increased heat
the radiator? "output
Decreased heat 
output
No
Thanh you.
Appendix 2. Questionnaires used in the survey in Japan
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Appendix 5 - Chart- for estimation
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Footnotes Tor Appendix 6 j
1) The eleven items are as follows: j
Item 1: Globe temperature in the room (°C)
Item 2: Dry bulb temperature in the room (°C)
Item 3* Effective temperature in the room (°c)
Item .A: Relative humidity in the room (°/o)
Item 5: Air velocity in the room (m/sec) i
Item 6: Thermal sensation value relative to thermal
conditions in the room in terms of the Bedford
I
scale; 1: Much too cool, 2: Too cool, J :  
Comfortably cool, 4: Comfortable, 5: Comfortably 
warm, 6: Too warm, and 7: Much too warm 
Item 7: Type of clothing ensemble worn by the students in 
the room that is represented by the ensemble 
number given in Appendices 3 and 4 
Item 8: Thermal insulating value estimated for 
the clothing ensemble worn (clo)
Item 9^ Feeling of warm relative to clothing worn in 
terms of the ASHRAE scale; 1: Cold, 2: Cool,
3: Slightly cool, 4: Neutral, 5 :  Slightly warm,
6: Warm, and 7: Hot 
Item 10: The level of clothing required for adequate
warmth that is assessed as being in one of six 
categories which are from zero to five: the highes
level |
Item 11: Skin fold thickness of subject (mm)
• !2) Data for the five physical parameters; Item 1 toi5> and 
the three subjective factors; Items 6, 9 and 10,| are all 
those that were measured two hours after starting the 
experiment. I
3) Alphabetical symbols used for the six sub-groupsj of 
students are as follows: j 
EF: English females, EM: English males,
JF: Japanese females, JM: Japanese males,
OMR: Overseas males of recent arrival, and i
OML: Overseas males of longer residence.
Appendix 7. Correlation Coefficients between Thermal
Insulating Value for Clothing Worn and Number 
of Garment Layers for Each Sub-Group
Sub .Group Correlation coefficient
English females (EF) 0.78***
English males (EM) 0.87***
Japanese females (JF) 0.69***
Japanese males (JM) 0.83***
Overseas males of 
recent arrival (OMR). 0.90* * *
Overseas males of 
longer residence (OML) 0.84***
The number of the sample is 25 for each group. 
Degree of freedom = 23
*** p / 0.001.
Appendix 8. Correlation Coefficients between Preferred
Ambient Temperature and Each of Three Factors 
for Each Sub-Group
Sub
Group
Clo value for 
clothing worn
Number of 
garment layers
Skin fold 
thickness
EF -0.64*** -0.48* -0.01 ns
EM -0.62*** -0.58** -0.04 ns
Preferred
ambient
JF -0.66*** -0.57** 0.16 ns
temperature JM -0.38 ns -0.15 ns -0.29 ns
OMR -0.63*** -0.45* -0.11 ns
OML -0.6 6*** -0.37 ns 0.18 ns
Degree of freedom = 23. 
ns : non-significant,
* p<^0.05
** p<0.01
*** p^O.OOl
Group symbols are explained in Appendix 6.
Appendix 9. Correlation Coefficients between Thermal 
Insulating Value for Clothing Worn or ; 
Number of Garment Layers and Each of Two 
Factors for Each Sub-Group
Sub
Group
Clo value for 
clothing worn
Number of 
garment layers
Skin fold EF -0.29 ns -0.35 ns
thickness
EM -0.40* -0.28 ns
JF -0.46* -0.34 ns
JM -0.65*** -0.66***
OMR -0.33 ns -0.38 ns
OML -0.49* -0.53**
The importance EF 0.52** 0.40*
of clothing 
to be EM 0 .66*** 0.67***
adequately warm
JF 0.80*** 0.61**
JM 0.65*** 0.52**
OMR 0.35 ns 0.51**
OML 0.35 ns 0.52**
Degree of freedom - 23 
ns : non-significant 
* p<0.05
** p<0.01
*** p^O.OOl
Group symbols are explained in Appendix 6.
